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ABSTRACT 
Pinellas County is located on a peninsula in Florida that 
experiences daily patterns of sea breeze associated rainfall mainly 
during the summer months of June through August. Previously, rainfall 
patterns, amounts and timing and severe weather in Pinellas County 
have not been examined considering dominant wind flow patterns, sea 
breeze circulations and other atmospheric variables.  To improve 
forecasting of local mesoscale phenomena, this project examined the 
rainfall patterns, amounts and timing and severe weather occurrences 
that occur as a result of sea breezes and associated prevailing wind 
regimes within Pinellas County for the months of June, July and August 
for the years 1995-2009. Other atmospheric variables are also 
considered. 
Through the use of sounding data from the Ruskin, FL National 
Weather Service (NWS) Station, Pinellas County rainfall station data, 
and radar-estimated rainfall totals data from the NWS Advanced 
Hydrologic Prediction Service, the following meteorological parameters 
were examined: dominant wind direction and speed, stability 
x 
 
(convective available potential energy, CAPE and CAPEV; CAPEV is 
CAPE calculated using virtual temperature). Composites were made of 
radar-derived rainfall estimates to show where the dominant rainfall 
occurs in relation to the sounding classifications of dominant wind flow 
for that day using ArcGIS as an analysis tool. Composite maps of 
precipitation indicate that the largest range of precipitation across 
Pinellas County occurs when winds are from the 241-300° direction 
category. The soundings were also used to classify days by CAPE, wind 
speed, and precipitable water. Precipitable water had a significant 
positive correlation with precipitation amounts in four of the five wind 
direction categories. Wind speed had significant positive relationships 
with a southerly wind direction. In order to examine the timing of 
rainfall associated with each wind direction category, Gr2Analyst was 
used. Gr2Analyst indicated rainfall occurred earlier in days featuring a 
westerly flow, and later in days with an easterly flow.  
Severe weather is also influenced by wind regimes and other 
atmospheric variables. Wind direction, wind speed, CAPE, precipitable 
water, and the United States Air Force Severe Weather Threat Index 
(SWEAT) indices were examined in relation to severe weather. The 
likelihood of severe weather was related to wind direction, with more 
events occurring during days with a more easterly flow than westerly. 
xi 
 
Atmospheric parameters were also examined in relation to each severe 
weather event.  
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CHAPTER 1: 
INTRODUCTION 
 
Throughout the years, meteorologists have studied factors that 
influence Florida’s weather patterns in order to have a better 
understanding and working knowledge that can be applied to local 
forecasting and severe weather alerts. Research has found that diurnal 
sea breezes, which are influenced by synoptic scale wind patterns, 
have a large influence on precipitation and occasionally severe weather 
in the summer months in Florida.  
Early studies on precipitation patterns by Reihl (1949) examined 
the effect of wind direction on rainfall in Tampa, FL and found that 
westerly winds brought more rain than easterly winds. Shortly 
thereafter, Gentry and Moore (1954) revealed that the timing and 
location of sea breeze associated rainfall is determined by the 
interaction of both the direction and speed of large scale and local 
winds. Proceeding research concluded that the distance the sea breeze 
propagates inland determines where a majority of rainfall will occur 
(Gentry and Moore, 1954 Frank et al. 1967; Schwartz and Bosart, 
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1979; Nicholls et al., 1990). Boybeyi and Raman (1992) studied 
convection over the Florida peninsula and found that summer 
convective activity was strongly influenced by the general wind 
direction over the Florida peninsula.   
Atmospheric parameters have also been examined in relation to 
precipitation and severe weather. Early research by Gentry (1950) 
showed that by examining certain atmospheric parameters (relative 
humidity, direction and speed of wind in the area, etc.), this would 
allow for a more accurate forecast of precipitation patterns. Typically, 
higher amounts of atmospheric moisture bring higher amounts of rain 
(Dostalek and Schmit, 2001; Hill et al., 2010).  
 These atmospheric processes are a part of a dynamic system. 
To fully understand these atmospheric processes and relationships in 
Florida, we must begin with a detailed examination of Florida’s 
weather and climate and atmospheric parameters and indices. 
1.1 Florida Weather and Climate 
 To have a thorough understanding of atmospheric dynamics of 
an area, the atmospheric conditions, both over the short term weather 
and long term climate, need to be examined. The weather and/or 
climate of Florida is influenced by many factors, such as wind 
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direction, temperature, precipitation, general local climate, land and 
water distribution, prevailing winds, latitude, storms, ocean currents 
and low/high pressure systems, and more. Severe weather events 
such as tornadoes, lightning, hail, thunderstorms, and damaging winds 
are also influenced by a variety of larger weather processes. Sea 
breezes can produce conditions that are favorable for producing these 
severe weather events.  
Much of Florida is situated on a peninsula located in the 
Southeast United States between 24 ½ and 31° north latitude and 80 
to 87° west longitude. The peninsula ranges from 160 km to 225 km in 
width, and extends into the ocean with the Atlantic Ocean on its east 
and the Gulf of Mexico on its west. 
According to the Köppen Classification, most of Florida lies in a 
humid subtropical climate region. This climate region is well known for 
its mild winters and rainy summers. The southern portion of Florida is 
considered to be within a tropical savannah climate region, where 
most precipitation is concentrated in the summer months (Henry et 
al., 1994; National Climactic Data Center [NCDC]: Accessed February 
7, 2011). Florida also has high levels of humidity.  For around six 
months out of the year, temperatures in Florida can be above 32.2° C 
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(90° F) with relative humidity above 50% (Black, 1993). Florida’s 
highest temperature ever recorded was 42.7° C (109° F) in 1931 in 
Monticello, Florida. The lowest temperature was -18.89° C (-2° F) in 
Tallahassee, Florida in 1899. Key West has the highest average annual 
temperature of 25.4° C (77.8° F) (NCDC: Accessed February 27, 
2011).   
Proximity to water is a major factor influencing Florida’s 
temperatures. The presence of large water bodies regulates the 
temperature on the land because the water helps keep the air over 
land warmer in the winter and cooler in the summer. Water and land 
have different heating and cooling rates and this affects the air 
temperature above them. Given equal amounts of insolation, a land 
mass will warm considerably quicker and reach a warmer temperature 
than a body of water. This means that land has a lower specific heat 
ratio than water. Land needs around three times less energy to heat 
up to a certain temperature compared to water. This is an important 
aspect to consider when studying Florida since it is surrounded by 
water on three sides. Ocean water around Florida in the summer 
averages from 27.7° C (82° F) to 28.8° C (84° F) on the east coast 
while the west coast averages around 28.8° C (84° F) (Henry et al., 
1994). In the winter, ocean water temperatures around Florida range 
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from 20° C (68° F) near Jacksonville, to 23.3°-24.4° C (73.9-75.9°F) 
at the southern tip of Florida, to 17.7° C (64° F) in the panhandle of 
Florida continuing down to the Tampa Bay area in western Florida 
(Henry et al., 1994). 
There are also daily variations in air temperature. Afternoon 
showers and sea breeze effects have a significant influence on the 
daily maximum air temperature on inland areas.   The passing of a sea 
breeze front and occurrence of showers can reduce the temperature as 
well as the humidity (Abbs and Physick, 1992). The passing of a sea 
breeze can lower temperatures as much as 15 miles (24.2 km) inland 
(Winsberg, 1992). A drop in temperature as much as 11.1° C (20° F) 
can be felt with the passing of a sea breeze; however a drop of 5.5° C 
(10° F) is more common (Henry et al. 1994).   
1.1.1 Precipitation Patterns in Florida. Florida has an 
average annual precipitation of 137.16 cm (54 inches), with Northwest 
and Southeast Florida receiving the most precipitation in the state 
each year, both averaging over 152.4 cm (60 inches) annually (Henry 
et al., 1994).  The rainy season starts around May (earlier in some 
cases) and lasts through November, during which time South Florida 
6 
 
receives 70% of its annual rainfall and North Florida receives just less 
than 60% (Black, 1993).  
Convective rainfall occurs somewhere in Florida almost every 
day during the summer months. Peninsular Florida has a day-to-day 
variation in the amount and extent of this convective rainfall, and 
many studies have focused on better understanding the parameters 
associated with these precipitation patterns. Brenner (2004) aimed to 
expand the understanding of the daily variation in average 
precipitation amounts and coverage in West-Central Florida. A Pearson 
correlation was calculated and it was found that moisture (precipitable 
water), atmospheric stability, temperature, and wind flow had the 
highest correlations to the coverage and amount of rainfall that 
occurred. 
In any given year, Florida is home to the largest number of 
thunderstorms in the United States, and these storms are the main 
source for precipitation in Florida (Black, 1993). Thunderstorm 
intensity usually peaks during July or August, except in South Florida, 
which continues to get thunderstorms through November (Black, 
1993). In some places, Florida experiences thunderstorms over 90 
days out of the year, with Tampa experiencing at least 80 days per 
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year. On average, over 200 hours of thunderstorms per year occur in 
Southwest Florida, with Tampa experiencing over 120 hours per year 
(Winsberg, 1992).   
1.1.2 Wind Patterns in Florida. Prevailing wind patterns can 
have a strong influence on weather throughout Florida.  As a 
peninsula, Florida receives wind from both the Gulf of Mexico and the 
Atlantic Ocean.  However, Florida’s prevailing winds are not like those 
of the rest of the United States, which typically come from the west.  
Most of the time, Florida’s prevailing winds are from the east 
(Winsberg, 1992).  During fall and early spring, Florida experiences a 
general wind direction coming from the east, southeast and northeast.  
In the summer months, winds are generally from the south, southeast, 
and southwest. This forces warm, humid air into the area and can 
cause thunderstorms (Black, 1993).  However, Frank et al. (1967) 
found that westerly winds are most common in Tampa and Daytona 
from May to August. They reported 39 days with westerly winds, 25 
days with easterly winds, 21 days with southerly winds, and 3 days 
with northerly winds. 
Frontal systems are another larger scale phenomenon that 
influences local wind patterns in Florida, including the Tampa Bay 
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area. The northern part of Florida is more likely to experience a cold 
front than the southern portion. This is because cold fronts originate 
further north and often stall or weaken by the time they reach Central 
and Southern Florida because of the backing action of the Azores-
Bermuda high-pressure system. The influence of the Azores-Bermuda 
high is different from year to year. However, cold fronts are more of a 
winter rather than summer phenomena. As the water warms around 
Florida, the high pressure system weakens and the summer rains 
commence (NCDC: Accessed February 27, 2011). 
Boybeyi and Raman (1992) studied convection over the Florida 
peninsula and found that convective activity was strongly influenced 
by the general wind direction over the Florida peninsula in summer. A 
convergence zone forms closer to the western coast of Florida when 
southeasterly wind flows across much of the state collide with the west 
coast sea breeze. It was also determined that cumulous clouds begin 
to develop earlier in the day on the eastern side of Florida with a 
southeasterly wind flow. Under southwesterly wind flow, the east coast 
was the primary location for convergence, and it was noted that 
precipitation occurred later in the day.  
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1.1.3 Local Wind Patterns Affecting Precipitation. Sea 
breezes have been studied for centuries, dating back to the Greeks in 
350 B.C. (National Research Council Panel, 1992). However, few 
studies have examined rainfall morphology and rainfall patterns that 
occur as a result of prevailing winds or coastal sea breezes (Shepherd 
et al., 2001).  
A sea breeze is a coastal phenomenon that affects much of 
Florida’s weather. It is a thermally driven circulation that coastal 
communities experience directly and is the result of heating and 
cooling differences between the land and neighboring ocean. 
Approximately 40% of Florida’s total rainfall is due to sea breezes 
(National Research Council Panel, 1992). It is inherently diurnal in 
nature, as studied by Day (1953), who established and graphed the 
diurnal variations and the patterns associated with wet and dry days in 
Miami, Florida. A temperature gradient exists between the warming 
land and the relatively cooler and humid air over the waters of the Gulf 
of Mexico and Atlantic Ocean. These heating and cooling differences 
cause pressure differences. As the daylight hours progress, the land 
surface begins to warm, causing an expansion of air above land and 
causing lower pressure over the land near the surface. Since the 
temperature over the waters of the Gulf of Mexico and the Atlantic 
10 
 
Ocean are cooler, the air is compressed and a higher surface pressure 
is found here. This pressure gradient between the ocean and the land 
causes air to flow towards the land.  This circulation is known as the 
sea breeze (Figure 1). As a result of this onshore wind flow, instability 
increases and this causes afternoon rain showers, which can lower the 
temperatures of an area. 
 
Figure 1. Florida Sea Breeze. (Sullivan, 2010, pg. 26). 
Although sea breezes can occur during any time of year, the 
most common months for a sea breeze are June through September 
when the most extreme heating over land occurs. It usually develops 
on the coasts and propagates inland.  Typically, a sea breeze occurs 
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when the land is around 2.7-3.3° C (5-6° F) warmer than the ocean 
(Henry et al., 1994). On the east coast, beginning in the spring, sea 
breezes usually form around 10 a.m. to 2 p.m. EDT (1400 to 1800 
UTC) and then dissipate between 6 to 8 p.m. EDT (2200 to 0000 UTC 
the next day) (Henry et al., 1994). At a sea breeze’s onset, it is 
typically less than 50 m in depth (Simpson, 2007). The mixed layer, 
which is defined by the Online American Meteorology Society Glossary 
of Meteorology (Accessed July 6, 2011) as ―the location of a capping 
temperature inversion or statically stable air‖, has a role in the depth 
of the sea breeze. Vigorous vertical mixing occurs within the mixed 
layer (Winsberg, 1992). The height of the mixing layer determines the 
extent and strength of the sea breeze penetration inland; the higher 
the mixing layer, the larger the sea breeze circulation. The mixed 
layer, also known as the mixed-layer height, is shallow in the morning, 
but in the afternoon exhibits rapid rise as daytime heating takes its 
effect.  
The sea breeze plays a very important role in convective rainfall 
and is highly correlated with the timing and location of convective 
precipitation (Nicholls et al., 1990).  How far the sea breeze 
propagates inland determines where a majority of rainfall will occur 
(Nicholls et al., 1990; Gentry and Moore, 1954; Schwartz and Bosart, 
12 
 
1979; Frank et al., 1967). A zone of convergence forms on the leading 
edge of a sea breeze front parallel to the coastline as air from different 
directions meets the sea breeze. This is where a significant amount of 
convective precipitation occurs (Henry et al., 1994). The sea breeze 
front, in the form of a line of clouds, makes it easy to distinguish how 
far inland the sea breeze has travelled (Simpson, 2007).  
The coastline curvature also has a major impact on the timing 
and location of precipitation. The shape of the coastline can influence 
the direction of the sea breeze’s propagation inland. Sea breezes 
generally progress orthogonal (or perpendicular) to the coastline. This 
allows for the sea breeze line to develop in convex, concave or straight 
line forms. For example, when a coastline is convex, the sea breeze is 
focused and condensed, versus a concave coastline, which tends to 
spread the sea breeze front out (Baker et al. 2001). Other coastline 
and land shape properties also influence the sea breeze. Xian and 
Pielke (1991) examined the effect of the width of landmasses on sea 
breeze development. It was concluded that the width of a peninsula 
can strongly influence the development of the sea breeze. They noted 
that a width of 150 km is the ideal width for the development of 
convection and strongest vertical velocity. Boybeyti and Raman (1992) 
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also confirmed the effect of terrain and coastal irregularities on the 
precise location of convergence.  
Sea breeze initiated thunderstorms frequent Florida. These types 
of thunderstorms are initiated by convergence of air masses associated 
with sea breeze fronts and can occur in all seasons (Henry et al., 
1994). Between 1 and 4 p.m. EDT (1700 to 2000 UTC), around 20% of 
the peninsula is covered by sea breeze induced showers during the 
months of July and August (Henry et al., 1994). Byers and Rodebush 
(1948) studied the causes of thunderstorms on the Florida peninsula 
and came to the conclusion that sea breezes were most responsible for 
the presence or absence of thunderstorms. This was determined by 
finding that low-level convergence developed almost every afternoon 
as a result of the diurnal heating pattern associated with the sea 
breeze.  While analyzing severe weather in Florida, Collins et al. 
(2009) also noted that the most severe thunderstorms occurred where 
the sea breezes from the east and west coasts collide. Pielke (1974) 
studied sea breeze evolution in South Florida using a three 
dimensional numerical model. He determined that the primary factor 
influencing the strength of convergence between two colliding sea 
breezes is the magnitude of differential heating between land and 
water.  
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Riehl (1949) extended Byers and Rodebush’s (1948) study by 
analyzing rainfall patterns in Tampa, Florida. He determined that 
diurnal heating and the sea breeze had a significant influence on 
rainfall amounts on the Florida peninsula. Riehl found that when 
westerly winds prevail, there is more rain in Tampa, while easterly 
winds produce much less rain in Tampa. 
Gentry (1950) studied parameters surrounding rainfall patterns 
associated with sea breezes in South Florida. He found that by 
studying certain meteorological parameters, forecasting rain in the 
Miami area could be very accurate. The most important parameters 
associated with rainfall in Southeast Florida were relative humidity, 
distance from troughs and tropical activity, and the general trajectory 
of air coming into Miami (direction and speed of local and general 
winds). A forecast procedure was developed by examining 150 July 
and August soundings from Miami and precipitation information from 
10 stations around Miami.  
Gentry and Moore (1954) recognized that the timing and location 
of sea breeze associated rainfall is determined by the interaction of 
both the direction and speed of large scale and local winds. They 
concluded that the diurnal and spatial variation of precipitation in 
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South Florida is dependent on the interaction of these prevailing local 
winds with the sea breeze. The prevailing winds of an area are largely 
dependent on large scale winds, while sea breezes are local 
phenomenon. The variation of precipitation also is dependent on the 
diurnally varying lapse rate and friction differences between land and 
water.  When the general wind direction in Miami was on-shore (from 
the east or south-southeast), rainfall frequencies were lower than with 
an off-shore (west-southwest to northerly) wind. With off-shore winds, 
the frequency of rain increased later in the day than with an on-shore 
wind. Showers generally happened in the morning with an on-shore 
wind. When the east south-southeast winds were examined for the 
effect of wind speed, it was found that weaker winds increase the 
frequency of showers later in the day. With stronger winds, showers 
occur more often earlier in the day. 
Atkins and Wakimoto (1997) measured indices associated with 
sea breezes, such as moisture and temperature, much like Gentry 
(1950). Using surface meteorological stations, they found that 
temperature and moisture gradients steadily increased throughout the 
day and were strongest across the leading edge of sea breezes. 
Moreover, the strongest gradients of temperature and moisture usually 
occurred during late afternoon. 
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Frank et al. (1967) also studied temporal and spatial 
precipitation variations on the Florida peninsula in relation to winds 
such as the sea breeze. Convection was found to be highly correlated 
with sea breezes. Showers were found to develop on the windward 
side of the peninsula, also sometimes accompanied by a secondary 
line of showers on the leeward side of the peninsula near mid-day. 
Under light wind conditions, sea breezes developed on the east and 
west coasts and caused showers on both sides of the Florida peninsula. 
Early morning showers were also correlated to local wind conditions. A 
closer look revealed that when an easterly wind regime was present, 
there was more rain over the western portion of South Florida, and the 
opposite was true when a westerly regime was present. It was noted 
that in Miami an easterly wind prevails almost half of the time, but in 
Tampa and Daytona, westerly winds are more common.  
Through numerical modeling experiments, Gannon (1978) 
studied sea breezes in South Florida and concluded that the west coast 
sea breeze was generally stronger than the east coast sea breeze. A 
major influence of either sea breeze’s behavior was linked to changes 
in surface thermal properties such as surface heating. Surface heating 
creates thermodynamic instability: the greater the amount of surface 
heating, the greater the intensity of the east coast sea breeze. 
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However, the inland penetration of any sea breeze is inhibited with 
stronger opposing wind flow. Stronger easterly wind inhibits inland 
movement of the west coast sea breeze and vice versa. Soil moisture 
content was found to influence surface temperature profiles. Higher 
soil moisture was found to lower surface temperatures, and as a result 
may also have an effect on sea breezes. It was noted in this study that 
further research is needed to determine the influence of wind regimes 
and atmospheric stability profiles. Garreaud (2007) found that 
correlations between precipitation and low level wind flow are stronger 
over land than over water, and he suggested an orographic effect from 
the land.  Although orographic effects are subtle in Florida, the 
differences in friction between water and land can create convergence. 
When wind moves from water to land, friction increases and this can 
create convergence and uplift. 
With the aid of a theoretical model, Estoque (1962) studied the 
development of sea breezes under various types of prevailing winds. 
He found that there is a profound effect on the sea breeze from the 
various types of broad scale winds and intensities that are a result of 
the differential heating between the land and water. Landward 
penetration of the sea breeze was also found to have been affected by 
the prevailing winds. When prevailing winds were offshore, the sea 
18 
 
breeze penetrated 18 km inland. In calm conditions, the sea breeze 
penetrated 32 km inland.  
Blanchard and Lopez (1985) are well known for identifying four 
primary types of dominant convective patterns and associated wind 
flow patterns in Southern Florida. These convective patterns influence 
the direction of movement of Florida’s east coast and west coast sea 
breezes and, in turn, precipitation patterns.  
Type I days are characterized by an easterly wind flow that 
causes the east coast sea breeze to move faster and farther inland 
than the west coast sea breeze. On these days, there is an early 
development of convection along the east coast. A merger of the east 
coast sea breeze and the west coast sea breeze takes place in the 
center or west of the center of the peninsula, where most of the 
strongest convection occurs. 
 During Type II days, a stronger easterly wind flow is present. 
Blanchard and Lopez (1985) note that convection begins along the 
east coast and quickly progresses towards the west coast. The east 
coast sea breeze and west coast sea breeze converge on the western 
portion of the peninsula and create strong convection and precipitation 
along this zone of convergence.   Convection happens later in the day 
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than on Type I days. Most rain occurs in the southwestern portion of 
the peninsula, partly because of the concentration and enhancement of 
convection due to the convex curvature of the coastline in this area. 
This usually occurs sometime before 6 p.m. EDT (2200 UTC). In this 
situation precipitation is usually strong, but brief. 
Type III days feature a dominant westerly flow, which causes 
the west coast sea breeze to move farther inland than the east coast 
sea breeze. Convection starts much earlier on both coastlines than on 
either of the previous two types of days. It is dominated by a westerly 
wind instead of an easterly flow. On this type of day, the west coast 
sea breeze propagates inland while the east coast sea breeze fails to 
penetrate more than a few miles inland. As a result, by 3 p.m. EDT 
(1900 UTC), much of the peninsula is convectively active. By 3-6 p.m. 
EDT (1900-2200 UTC), the east coast sea breeze remains near the 
east coast, while the west coast sea breeze has progressed to the 
center to the peninsula. By 6-9 p.m. EDT (1900-2200 UTC), most of 
the convection is along the east coast and the interior of the state. 
During Type III days, clouds cover a more extensive area of the state 
and convection does not dissipate until a later time of day than on 
either Type I or Type II days (Blanchard and Lopez, 1985). 
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A Type IV day is composed of many different types of sea breeze 
days due to tropical systems, cold fronts, mid-latitude short waves, 
and other disturbances. Accordingly, sea breezes and precipitation on 
these days can be highly variable (Blanchard and Lopez, 1985). 
Shepherd et al. (2001) further studied rainfall morphology with 
the varying types of wind flow days. They studied rainfall morphology 
due to the convection associated with these dominant wind patterns 
and found that rainfall morphology is related to the amount and depth 
of low-level convergence. Even though rainfall from the initial cell was 
related to a given amount and depth of low-level convergence, the 
total rainfall was regulated by the ambient 850-500 mb moisture. 
Higher moisture amounts at this level produced stronger secondary 
cells than a lower moisture amount.  
Nicholls et al. (1990) also described the presence of three 
primary types of convective days (Types I-III). They evaluated the 
ability of a model to reproduce observed convection in Florida on the 
days categorized by Blanchard and Lopez (1985). Nicholls et al. (1990) 
found that the cloud-mesoscale model used in their study appeared 
capable of reproducing the convection of the three primary wind flow 
days. They also confirmed that the timing and location of rapid 
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convective development was determined by the convergence of the 
east coast and west coast sea breezes, which is mainly determined by 
low level winds.  
1.1.4 Severe Weather Patterns in Florida. Florida’s residents 
experience many different types of severe and hazardous weather 
phenomena. Damaging winds and flooding sometimes related to 
hurricanes, tornadoes, lightning and hail, are a few examples of severe 
weather that are common in Florida. This study will focus on severe 
weather in Pinellas County that is not related to hurricanes. 
 In some years, Florida experiences more tornadoes than any 
other state in the United States. Florida ranks second in the country 
for the average number of days per year with tornadoes (28 days), 
and is just behind Oklahoma in the number of tornadoes per 10,000 
square miles. Florida even ranked second in the country for the 
highest number of tornadoes in a state from 1980-1990 (Henry et al., 
1994). Indeed, tornadoes occasionally develop in or impact Pinellas 
County. For example, the July 12, 1995 tornado that developed in St. 
Petersburg, Florida was estimated to be an F1 on the Fujita Tornado 
Scale before moving offshore to become a waterspout (Collins et al., 
2000). Note the Fujita Scale used during this time period ranged from 
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F0 (minor damage) to F5 (extreme damage), associated with weaker 
to stronger winds respectively. The Fujita scale was updated in 
February 2007 to the Enhanced Fujita Scale to reflect different 
category values for wind speed.  
Hodanish et al. (1997) analyzed the average cloud to ground 
lightning flash densities in Florida from 1986-1995. They found that 
the mean annual cloud to ground lightning flash density for the period 
from 1986-1995 was greatest in Central Florida around the Orlando 
and Tampa Bay areas. From November to February, flash densities 
were greatest around the panhandle, mostly due to low pressure mid-
latitude systems. From March to May, flash densities increased over 
the entire state of Florida. The greatest amount of lightning activity 
was over the west-central peninsula, where collisions of sea breeze 
boundaries happen often. The second greatest amount of lightning was 
over the east-central peninsula and is also related to collisions of sea 
breezes but on days when prevailing westerly winds push the west 
coast sea breeze across the state. In Central Florida, flash densities 
were greater than 10 flashes of lightning per square kilometer over a 
10-year period of time (1986-1995). Lericos et al. (2002) confirmed 
that different sea breeze flows can affect lightning distributions. They 
found that lightning distributions were clustered around the west 
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central peninsula under calm flow. Under northwest flow, lightning was 
concentrated on the east coast. Areas of enhanced lightning were also 
found to be related to the sea breeze. Flash densities increase 
significantly with an interaction of two sea breezes. 
Hail is a dangerous type of precipitation that can occasionally 
occur in Florida, although the atmosphere is often too warm for hail to 
reach the ground. The months of April, May and June account for 60% 
of hail occurrences in Florida, with May being the highest.  It is one of 
the most destructive forms of precipitation because it is frozen and can 
cause significant damage, especially if over 1‖ (~25 mm) in diameter. 
Unlike the Midwest, hail in Florida is usually relatively small and not 
very intense (Henry et al., 1994). However, there have been three 
separate reports of hail 4.5 inches in diameter from 1980-2009.   
Paxton et al. (2010) recently studied hail in Florida. They examined 
the moisture, instability and wind shear factors on days where hail 
greater than 2 inches in diameter occurred from 1980 to 2009. The 
examination of the evolution of the atmosphere from three days prior 
to the hail event day showed that increased moisture, instability and 
shear lead to the extreme hail events. This information is vital for 
improving the National Weather Service’s (NWS) warnings and outlook 
products. 
24 
 
1.2 Atmospheric Parameters  
Florida’s weather can be analyzed using many different types of 
technology that can be used to gather measurements and yield indices 
of atmospheric conditions. For example, in addition to the relatively 
dense network of automated surface weather stations, a radiosonde 
can be attached to a weather balloon, and airborne measurements can 
be taken. Atmospheric parameters such as temperature, pressure, 
humidity, wind direction and wind speed can be recorded as the 
balloon rises. With this datum, measurements of convective available 
precipitable energy (CAPE) and precipitable water can be produced for 
a vertical profile of the atmosphere. By watching how the balloon 
behaves and where it goes, an observer can also see the direction and 
height of a sea breeze (Simpson, 2007). An index that can be useful in 
determining if the atmosphere is capable of producing severe weather 
(specifically tornados) is the United States Severe Weather Threat 
Index (SWEAT). It incorporates vertical wind shear and upper-level 
wind speeds, which are associated with storm rotation and instability. 
1.2.1 Precipitable Water. Precipitable water is a measure of 
the amount of moisture in a column of air and is used to predict heavy 
precipitation events. Precipitable water changes from day to day and 
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hour to hour, and is occasionally reported as kilograms of water per 
meter squared, but it is usually expressed in millimetres of equivalent 
water depth (Dupilka and Reuter, 2006). Areas with greater 
precipitable water are generally associated with high precipitation 
events than areas with lower precipitable water (Dostalek and Schmit, 
2001).  
Some of the earliest research on precipitable water was done by 
scholars at the University of Arizona from 1946 to 1956 (Reitan, 
1960). Researchers computed mean monthly values of precipitable 
water for many regions in the United States. The city of Tampa was 
included in this study, and it was found that the average monthly 
precipitable water index was relatively high compared to other cities 
examined; around 3.24 cm.  Miami’s mean monthly precipitable water 
index was slightly higher, around 3.44 cm. Albany, New York had a 
much lower mean monthly precipitable water index of around 1.64 cm. 
Seattle, Washington also had a lower monthly precipitable water 
average of around 1.66 cm (Reitan, 1960).  
Precipitable water is also used to study severe weather events, 
such as tornadoes because it can affect the rate of change of vertical 
vorticity generation. Convection was found to occur with precipitable 
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water values as low as 1 cm. In a study done in Canada by Dupilka 
and Reuter (2006), precipitable water was found to have a statistically 
significant impact on whether a storm produced a strong tornado, 
weak tornado, or no tornado. It was found that all tornado cases had 
precipitable water values exceeding 2.2 cm. Precipitable water values 
between 1.9 – 2.3 cm typically were associated with weak tornadic 
storms (F0 and F1).  All strong tornadoes (F2, F3 and F4) had a 
precipitable water value higher than 2.2 cm, with a median value of 
2.4 cm. Even though adequate precipitable water is required to 
produce tornadic storms, it is not the only parameter needed (Dupilka 
and Reuter, 2006). For example, if there was weak wind shear at the 
500-900 mb level, storm development may not occur.   
Hill et al. (2010) examined sea breeze and land breezes in 
Southern Mississippi and Eastern Louisiana. They found that higher 
precipitable water is associated with greater areal precipitation 
coverage (APC). From a multiple regression analysis, it was 
determined that a maximum potential value of APC could be 
determined for a certain amount of precipitable water.   
1.2.2 Convective Available Potential Energy (CAPE). 
Convective Available Potential Energy (CAPE, measured in J kg-1) is a 
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measure of atmospheric instability and is also known as the total 
thermal buoyant energy. With greater instability, there is potential for 
increased convection, and a greater potential for significant 
precipitation and severe weather. CAPEV may also be examined, which 
is calculated the same way as CAPE, only using virtual temperature. 
Virtual temperature is used because it is a correction applied to the 
actual air temperature to account for a reduction in air density due to 
the presence of water vapor.  
CAPE depends on the free convection layer, which is the layer in 
the atmosphere between the level of free convection and the 
equilibrium layer at which convection can take place (Dupilka and 
Reuter, 2006).  CAPE is dependent on temperature differences 
throughout the air column. In order to have a high CAPE value, high 
temperature and moisture values at the surface are required. A decline 
in upper level temperatures steepens the environmental lapse rate, 
which increases instability and contributes to a higher CAPE value 
(DeRubertis, 2006). This means that stronger updrafts can form. The 
amount of cloud cover and nearby convection can also impact CAPE 
values (Bluestein, 1993). Yano et al. (2005, p 861, 870) examined the 
concept of CAPE, and argued that CAPE should actually be thought of 
as the ―measure of convertibility of the potential energy into the 
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kinetic energy, rather than as a potential energy‖ and as a ―measure 
of an ability of the atmosphere to generate kinetic energy due to 
moist-convective instabilities‖.  
CAPE can be used to forecast convective hazards such as 
tornadoes, hail and strong downpours. The behavior of convective 
storms is often highly correlated to CAPE and vertical shear. However, 
it is noted that a large CAPE value does not always ensure a storm will 
produce large hail stones (Bluestein, 1993). Still, Blanchard (1998) 
suggests that air parcels will undergo faster uplift when values of CAPE 
are higher. Faster uplift can intensify thunderstorms.  
Even though instability is needed for convection to occur, the 
relationship between CAPE and convection is often not straightforward 
(Chaboureau et al., 2004). Although CAPE values may be high, the 
energy will not be released if the convective temperature is not 
reached. Koch and Ray (1997) studied summertime convergence in 
North Carolina and found that CAPE was not a good indicator of 
whether or not a boundary interaction would be convective. 
Thunderstorms did not always form when the CAPE values appeared to 
support formation. Koch and Ray found that an ideal CAPE value for 
producing thunderstorms was 1858 J kg-1. It was concluded that areas 
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in North Carolina with high CAPE values (~1800 J kg-1) and a 
boundary convergence were sufficient to produce a thunderstorm. 
Rasmussen and Blanchard (1998) examined the influence of CAPE on 
producing tornadic versus non-tornadic storms and also found that 
there was very little difference in CAPE values between the two types 
of storms. However, it was also noted in Rasmussen and Blanchard’s 
study that all storms with a CAPE above ~1820 J kg-1 were severe, 
just as the Koch and Ray (1997) study indicated. For this reason, a 
threshold value for severe thunderstorms of 1800 J kg-1 has been used 
in other studies, such as DeRubertis (2006). DeRubertis found that 
most of the days in the Southern United States in which CAPE 
exceeded the 1800 J kg-1 threshold occurred in the summer. This is 
related to the high atmospheric temperature and moisture content. 
Another study done by Dupilka and Reuter (2006) also found 
that CAPE values had no correlation between strong tornado, weak 
tornado, and absent tornado producing storms, and provided no 
guidance in predicting whether severe storms would spawn tornadoes. 
However, when Niall and Walsh (2005) examined the National Centers 
for Environment Prediction (NCEP) and National Center for 
Atmospheric Research (NCAR) reanalysis and additional sounding data, 
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they found a statistically significant relationship between CAPE and hail 
occurrences in Australia.  
In the Netherlands, Groenemeijer and van Delden (2007) also 
found that CAPE can be used to distinguish between a hail-producing 
storm and a non-hail-producing storm. The mean CAPE values of the 
two hail categories studied (>3 cm and <3 cm) were significantly 
higher than the mean CAPE value of non-hail producing 
thunderstorms. Large hail (>3 cm) producing thunderstorms had a 
mean CAPE value of 1072 J kg-1, small hail (<3 cm) producing 
thunderstorms had a mean CAPE of 495 J kg-1, and non-hail producing 
thunderstorms had a mean CAPE value of only 198 J kg-1.  Kunz et al. 
(2009) also observed that hail and thunderstorm days in Germany 
generally had high CAPE values. However, half of these hail 
occurrences had CAPE values lower than 1000 J kg-1, 32% were 
between 100 and 2500 J kg-1, and only 18% were over 2500 J kg-1. 
This is only somewhat similar to the threshold of ~1800 J kg-1 that 
was noted by Koch and Ray (1997), Rasmussen and Blanchard (1998), 
and DeRubertis (2006). Finally, Hill et al. (2010) determined that CAPE 
had a determining factor for APC and that CAPE was a secondary 
factor (next to precipitable water) for influencing coastal convective 
development in Mississippi and Louisiana.  
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Even though CAPE is not always a strong predictor of rainfall 
and/or severe weather, some studies have found a statistically 
significant relationship between CAPE and predicting the severity of a 
storm. Establishing and identifying a consistent and reliable 
relationship between CAPE and severe weather has been a focus of 
many researchers in examining atmospheric parameters associated 
with rainfall and severe weather.  
1.2.3 Severe Weather Threat Index (SWEAT). The United 
States Air Force Severe Weather Threat Index (known as SWEAT) can 
help determine if a storm is capable of producing a tornado. It 
incorporates vertical wind shear and upper-level wind speeds, which 
are associated with storm rotation and instability. The SWEAT index 
also includes the temperature lapse rate between the 850 and 500 hPa 
level and mid-level moisture as well. Surface measurements are not 
included in this index (DeRubertis, 2006). 
The SWEAT index has been used in studies examining tornado 
development. David (1976) found that the SWEAT index value most 
associated with warm season tornadoes is between 200 and 400. 
DeRubertis (2006) analyzed trends in stability indices from United 
States radiosonde observations, which included examining Lifted 
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Index, K-Index, CAPE, and SWEAT. Of the four indices examined in 
DeRubertis’ study, the index that best represented the convergence of 
different air masses and potential for severe weather was SWEAT. In 
the spring, the southern portion of the United States and much of the 
Great Plains region has the highest frequency of SWEAT values above 
300. Of course, this includes the classic ―tornado alley‖ region of the 
Central United States. 
1.3 Summary and Problem Statement 
Local wind patterns and other meteorological parameters 
influence Florida’s precipitation and severe weather patterns. Since 
Florida is surrounded by water on three sides, sea breezes are a 
prominent feature of Florida’s weather and climate. Much research has 
been done on the development and interactions of sea breezes and 
associated wind regimes. However, rainfall patterns resulting from 
average low level wind flows (including sea breezes) demand further 
analysis. 
Furthermore, atmospheric indices are a way of predicting severe 
weather events by examining parameters that would be conducive to 
such phenomena. Precipitable water, convective available potential 
energy, and the Air Force Severe Weather Threat Index can all be 
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correlated to precipitation, thunderstorms, or severe weather events. 
While there are conflicting studies on the reliability of CAPE (partly due 
to the fact that there are other overriding factors which contribute to 
severe weather) some studies show association and this necessitates 
the need for further study.  
As seen from the literature review, a significant amount of 
research has been done in the areas of precipitation and severe 
weather forecasting. However, there is a lack of research on 
precipitation and severe weather patterns in Pinellas County, Florida. 
It is important for forecasters in this area to be able to accurately 
forecast rainfall and severe weather that could impact the County’s 
population of more than 900,000 residents. Recreational and 
commercial activities such as boating, fishing, hiking, sporting events, 
aviation, and other popular outdoor activities can become dangerous if 
there is heavy rain or severe weather in the region. The goal of this 
study is to provide information to improve local precipitation and 
severe weather forecasting to better serve and protect the Pinellas 
County community. 
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1.4 Research Objectives and Hypothesis 
In order to guide research on precipitation and severe weather 
patterns in Pinellas County, five objectives served as the foundation of 
this study. Objective one: identify the dominant surface wind 
directions in Pinellas County for June, July, and August from 1995 
through 2009 using the 1200 Coordinated Universal Time (UTC) 
sounding data from Ruskin, FL. For the purposes of this study, since 
daily soundings were not available for Pinellas County, the soundings 
taken from the NWS station at Ruskin (approximately 21 km southeast 
of Pinellas County; Figure 2) were assumed to be representative of the 
dominant wind directions for Pinellas County.  Ruskin, FL is the closest 
and most reliable weather station to Pinellas County that has daily 
sounding readings. According to Blanchard and Lopez (1985), 
peninsular Florida experiences an easterly flow of air more often than 
not. Henry et al. (1994) also noted that Tampa experiences mostly an 
easterly wind throughout the year. Therefore, it was hypothesized that 
the majority of days analysed in this study for Pinellas County would 
have an easterly wind direction.  
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Figure 2. Location of Ruskin in Relation to Pinellas County, Fl. 
 
The second objective of this study is to determine the spatial 
distribution, amounts and timing of rainfall patterns in Pinellas County 
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during June, July and August from 2003-2007 and examine 
precipitation amounts, timing and interactions as a function of wind 
direction (surface to 700 hPa). Shepherd et al. (2001) examined 
rainfall morphology in Florida associated with the dominant wind flow 
patterns that Blanchard and Lopez (1985) identified. It is hypothesized 
here that these state-wide patterns can be applied to Pinellas County, 
FL and that rainfall patterns in Pinellas County can be correlated to 
dominant wind patterns including sea breezes. Riehl (1949) found that 
when westerly winds prevail in Tampa, there is more rain than when 
an easterly wind prevails. It is therefore hypothesized that Pinellas 
County follows this pattern since the two areas are adjacent. 
Considering the timing of precipitation, it is also hypothesized that 
precipitation would come earlier on days with a westerly wind flow and 
last throughout the day, as Gentry and Moore (1954) concluded for 
the western side of the Florida peninsula. 
The third objective of this study is to determine the correlations 
between atmospheric parameters and precipitation amounts during 
June, July and August from 2003-2007. Precipitable water, instability, 
and wind speed can have varying effects on precipitation amounts. By 
determining the effects of these atmospheric parameters, precipitation 
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events can be understood further in order to improve local and short 
term forecasting.  
As seen in the literature review, areas with greater precipitable 
water are generally associated with higher precipitation events than 
areas with lower precipitable water (Dostalek and Schmit, 2001). CAPE 
has been used by some researchers to predict convective hazards, 
including strong downpours (Bluestein, 1993). While there is some 
association noted between CAPE and severe weather in the literature, 
few relationships have been noted between CAPE and precipitation, 
despite a physical mechanism, which would suggest one. However, a 
threshold of 1800 J kg-1 has been established for severe 
thunderstorms by Koch and Ray (1997) and Rasmussen and Blanchard 
(1998). Wind speeds have also been found to bring higher amounts of 
rain. Gentry and Moore (1954) found that weaker winds bring a 
shower frequency increase in Miami later in the day. As a result, it is 
hypothesized that increased precipitable water and lower wind speeds 
bring higher amounts of precipitation, and CAPE will not show a 
significant relationship with precipitation.  
Wind regimes can play a significant role in determining where 
severe weather occurs. The effect of wind direction on severe weather 
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has not yet been studied in Pinellas County.  Accordingly, the fourth 
objective of this study is to examine the effect of wind flows on severe 
weather events in Pinellas County during June, July and August from 
1995-2009. Marine and aviation operations in Pinellas County can be 
affected by tornadoes, hail, strong wind, and flooding events. By 
determining which wind directions are correlated with the most severe 
weather events, local forecasters can better anticipate these 
hazardous events. It is hypothesized that more severe weather will 
occur on easterly flow days than on westerly flow days due to the 
movement of the east coast sea breeze towards the west coast and 
colliding with the west coast sea breeze over Pinellas County. When an 
easterly wind dominates, the west coast sea breeze starts later in the 
day and allows for surface heating over Pinellas County. Temperatures 
remain high over Pinellas County, which increases instability. When 
the east coast sea breeze meets the west coast sea breeze, 
convergence occurs, which also increases instability.  
The fifth objective of this study is to determine the values 
(maximum, minimum and average) of the atmospheric parameters 
and indices pertaining to tornadoes, flooding, hail, and strong winds 
during June, July and August from 1995-2009. Moisture, instability, 
wind speed, and SWEAT are examined to give local forecasters a 
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better understanding of the roles they play during severe weather. 
Collins et al. (2000) found high values of instability when studying the 
July 1995 tornado in St. Petersburg, Florida. It is expected that 
increased moisture and increased instability increase chances of 
severe weather occurring in Pinellas County.  
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CHAPTER 2: 
METHODOLOGY 
2.1 Study Area 
The coastal communities of Pinellas County (Figure 3) are 
located on a peninsula in Florida with Tampa Bay to the east and the 
Gulf of Mexico to the west. It is a heavily populated county with almost 
a million residents and is just 25 km from the large city of Tampa, 
which is on the east side of Tampa Bay. Even though Pinellas County is 
the 2nd smallest county in Florida (725.2 km2), it is the most densely 
populated, with 3,274.3 people per 2.58 km2 as of 2010 (Pinellas 
County Government, Accessed July 6, 2011). Almost 22% of Pinellas 
County residents are over the age of 65 (Pinellas County Government, 
Accessed July 6, 2011). This portion of the population can be 
particularly vulnerable to severe weather outbreaks. The younger 
population is also considerably at risk since many outdoor recreational 
activities that they may be involved in can be interrupted by storms 
and severe weather that can sometimes occur with little to no warning. 
Pinellas County is home to 80.5 km (50 miles) of recreational trails, 
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and over 55,000 boats (both commercial and recreational) (Pinellas 
County Government, Accessed July 6, 2011).  
 
Figure 3. Study Area Location. 
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2.2 Data Used and Assumptions 
Data were collected from many different sources. In order to 
analyze wind speed and direction, soundings from the NWS station at 
Ruskin, FL were obtained for the months of June, July and August from 
1995-2009. No soundings are available for Pinellas County, and the 
Ruskin NWS soundings were the closest and most reliable data source 
for lower level wind directions. Ruskin sits on the east side of Tampa 
Bay, almost directly across the bay (~21 km) from Southern Pinellas 
County. When comparing with satellite-derived parameters, Kitchen 
(1989) found radiosonde measurements at one location accurately 
portrayed conditions a few tens of kilometres away for one or two 
hours. MacPherson (1995) noted that radiosonde observations only 
became unrepresentative for an area if strong vertical wind shear took 
the balloon far from the launch site. However, for the warm season 
cases in this study the average winds up to 700 hPa were less than 5 
ms-1, therefore the assumption was made for this study that the 
soundings from Ruskin are representative of conditions in Pinellas 
County. 
Dominant wind flows were determined for each day for June, 
July and August from both 1995-2009 and from 2003-2007 by 
averaging wind speeds and directions found at 700 hPa (an altitude of 
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approximately 3 km) down to the surface. These lower level winds 
influence the direction of storms and convection. Dominant wind flow 
days were divided into six categories. For the purpose of this study, to 
examine three ―easterly‖ and three ―westerly‖ wind flows they have 
been labelled as: northeast, 1-60°; east, 61-120°; southeast, 121-
180°; southwest, 181-240°; west, 241-300°; and northwest, 301-
360° (Figure 4).  
 
Figure 4. Categories of Wind Direction in Degrees. 
 
 The sounding data include other atmospheric indices such as 
moisture (precipitable water), instability (CAPE), wind speed, and 
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SWEAT. CAPE, precipitable water, and wind speed  from the Ruskin, FL 
soundings were incorporated into the precipitation analysis, and CAPE, 
precipitable water, wind speed and SWEAT were used in the analysis of 
severe weather. 
Daily Pinellas County precipitation data were obtained from the 
NWS in order to establish distributions of such rainfall. Locations of 
these precipitation stations are displayed in Figure 5. Data were only 
collected for June, July and August for 2003-2007 since ArcGIS 
Shapefiles were only available for this period. The rainfall data were 
then compared to the wind directions from the NWS sounding and 
displayed in a graph. From this graph, it was determined which 
dominant wind direction produces the largest amount of precipitation.  
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Figure 5. Pinellas County Rainfall Station Locations. See Appendix I 
for station location references. 
 
In order to display Pinellas County precipitation totals using 
ArcGIS, daily precipitation shapefile data were obtained from estimates 
produced by the NWS Advanced Hydrologic Prediction Service (AHPS). 
The AHPS is located in Peachtree, GA. These data were only available 
from 2003-2007 and were derived using a multi-sensory approach 
including hourly precipitation estimates from WSR-88D radars that are 
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compared to ground rainfall gauge reports. A correction factor, 
calculated by the National Weather Service’s Advanced Hydrologic 
Prediction Service by the use of the aforementioned Pinellas County 
station gauges, is applied to the radar field, then combined with gauge 
fields in a quality controlled multi-sensory field. Although this method 
is not perfect, it is one of the most accurate and highest resolution 
precipitation datasets available. Since these files are very large, the 
NWS was contacted to provide the appropriate files on CD. These 
radar and station gauge derived rainfall amounts helped to establish 
precipitation patterns that were associated with each type of dominant 
wind flow day. These shapefiles were then composited in ArcGIS by 
dominant wind flow direction in increments of 60 degrees to show 
where the most rainfall occurs in relation to the wind direction 
classifications from the sounding classifications. These composites 
provide a spatial view of rainfall patterns in relation to wind, moisture 
and stability profiles. Days that were likely affected by a hurricane, as 
determined by this researcher from satellite imagery, were removed 
from the study so that the dataset was not skewed due to abnormal 
conditions.  
Radar files to display in Gr2Analyst were obtained from the 
National Oceanic and Atmospheric Administration’s National 
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Environmental Satellite, Data and Information Service (NOAA-
NESDIS). Selected days were requested through a website and 
downloaded via FTP connection. These files were used to examine the 
timing and location of precipitation in Pinellas County in each of the six 
wind categories. 
Severe weather events were obtained from NCDC Storm Events 
(2010) for June, July and August from 1995-2009. This record of 
storm events is an official publication of the National Oceanic and 
Atmospheric Administration. The events examined were hail, strong 
wind, tornadoes, and flooding. Days with ―no data available‖ were 
discarded and duplicate reports on the same day were not counted 
more than once. Only hail with a diameter of one inch or larger was 
included in the compilation. Hail stones smaller than one inch do not 
usually cause significant damage, except to crops. ―Strong Wind‖ was 
defined as any wind gust of at least 50 knots. Atmospheric parameters 
examined in relation to severe weather are wind direction, wind speed, 
precipitable water, and CAPE. CAPEV was not examined in relation to 
severe weather since the average CAPE for all of these severe weather 
events was high. With high CAPE values, the CAPEV does not differ 
greatly from the CAPE (Doswell and Rasmussen, 1994). These severe 
weather events are reported by emergency management officials at 
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the county, state and federal level, local law enforcement officials, 
skywarn spotters, the NWS through their damage surveys, newspaper 
clipping services, the insurance industry and the general public.  
2.3 Analytical Tools and Analysis 
Several tools were used to analyze data for this project.  
Computer software used for this project were ArcGIS, Gr2analyst, 
Microsoft Excel, and SPSS. ArcGIS was used to produce rainfall 
distribution maps for each wind direction category. Gr2Analyst was 
used to examine the timing and location of precipitation according to 
wind direction. SPSS (Statistical Package for the Social Sciences) and 
Microsoft Excel (using a macro called QI Macros) were used to perform 
statistical analyses on the datasets. 
2.3.1 ArcGIS. ArcGIS is Geographic Information System (GIS) 
computer software that allows one to create and display spatial data 
on a map. Traditional GIS geoprocessing tools enable the user to 
analyze and edit spatial data sets and maps. Projects in ArcGIS are 
built around a geodatabase, which stores spatial data by using an 
object-relational database. The spatial distribution of rainfall in Pinellas 
County was examined using ArcGIS, which is able to display rainfall 
spatially so that patterns can be identified. 
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Daily precipitation data obtained from the NWS Advanced 
Hydrologic Prediction Service were configured to spatially display 
precipitation amounts around Pinellas County. The data were originally 
displayed separated by days in point format, with 55 points within 
Pinellas County for each day. Each point represented the average 
rainfall for an area of roughly 16 km2 (6 ¼ mi2). Days were then 
separated into wind direction categories, and precipitation data for 
each of the 55 points for that wind direction were next averaged for 
each of the six wind direction categories (Figure 6). Each wind 
direction category dataset was then converted into raster format to 
display as a smooth, uniform image overlay on top of a map of Pinellas 
County. Contours were then added to show where heavier amounts of 
precipitation occurred for each of the six wind direction categories. 
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Figure 6. Example Display of the Original Format of the 55 Pinellas 
County Multi-Sensory Daily Precipitation Data, August 10, 2007. 
 
2.3.2 Gr2Analyst. Gr2Analyst is computer software that 
enables users to examine Nexrad Level II archive radar data as well as 
real-time radar data, although real-time data were not used in this 
study. Gr2analyst allows for multiple views of a storm, including base 
reflectivity (BR) and base velocity (BV). Base reflectivity, the only view 
considered in this study, is a measure of the radar energy reflected 
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from objects in the atmosphere (such as raindrops) with a radar tilt of 
0.5°. The radar energy return indicates the intensity of the storm; 
stronger radar energy returns indicate more rain. Light rain is mostly 
associated with dBz levels of around 20-30 (typically represented as a 
shade of green), moderate rain is mostly associated with dBz levels of 
around 35 (typically represented with shades of yellow and orange) 
and heavy rain is mostly associated with dBz levels of approximately 
50 dBz or greater (typically represented with shades of red). Table 1 
shows the precipitation rate associated with each dBz level as well as 
the typical corresponding color in radar reflectivity images (National 
Weather Service Radar Image WSR-88D Radar FAQ’s, Accessed August 
7, 2011). 
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Table 1. Typical Precipitation Rate for Dbz Levels. 
dBz Precipitation rate 
(mm/hr)/(inches/hr) 
65 400+/16+ 
60 203.2/8.00 
55 101.6/4.00 
52 63.5/2.50 
47 31.75/1.25 
41 12.70/0.50 
36 6.35/0.25 
30 2.54/0.10 
20 Trace Amounts 
 
The ten heaviest rainfall cases in Pinellas County between 2003 
and 2007 were selected for analysis using Gr2Analyst to observe the 
timing and location of precipitation in Pinellas County. The respective 
dBz values reflected were used to assume rainfall amounts since 
Gr2Analyst does not have storm total (rainfall amounts) analysis 
options.  
2.3.3 Excel and SPSS. Excel and SPSS were used for the 
statistical analysis in this study. Correlations between precipitation 
amounts and atmospheric parameters such as precipitable water, 
instability, and wind speed were determined by using the program 
called QI Macros within Excel. This program can calculate many 
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statistical outputs, including correlations between variables. The QI 
Macros output is validated by manual calculations, against textbook 
examples, and against other Statistical Process Control (SPC) 
software. The significance of correlations were then determined by 
using a calculator at http://faculty.vassar.edu/lowry/tabs.html.  
Analysis of Variance (ANOVA) statistics on precipitation amounts 
from the multi-sensory rainfall data in ArcGIS were calculated in Excel. 
These ANOVA statistics were calculated to determine if there were any 
differences in precipitation amounts between wind direction categories. 
A Bonferroni Comparison was performed in SPSS to determine whether 
differences in precipitation between wind direction groups were 
statistically significant. The Bonferroni Comparison is a test between 
several groups to counteract the problem of multiple comparisons. A 
Z-test for proportion was also run in Excel to determine the statistical 
significance of the number of ―easterly‖ versus ―westerly‖ wind flow 
days in Pinellas County. The number of days in each ―easterly‖ wind 
direction category (1-60°, 61-120°, and 121-180°) was compared to 
the number of days in each ―westerly‖ wind direction category (181-
240°, 241-300° and 301-360°) to further examine the statistical 
significance of each.  
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Since there were relatively few severe weather events in Pinellas 
County between 1995-2009 (only 11 hail events, 13 tornado events, 
19 thunderstorm wind events, and 22 flood events) it is not possible to 
produce statistically valid correlations between atmospheric 
parameters and specific types of severe weather events. A low n 
makes correlations difficult to determine because of the high risk of a 
Type I or Type II error. In a Type I error, the correlation is found 
significant, when it might actually not be. In a Type II error, the 
correlation is found insignificant when it might actually be significant. 
Therefore, maximum, minimum and average indices and percentages 
of occurrences were calculated in order to get a general idea of the 
effect of moisture, instability, and wind speed on specific severe 
weather events. 
2.3.4 Summary of Data Used, Analyses and Time Periods. 
Some datasets (Section 2.2) were only available for certain time 
periods, so analyses (Section 2.3) were restricted to available 
datasets. Table 2 references which time periods are associated with 
which datum and analyses. For both time periods, 1995 to 2009 and 
2003-2007, the NCDC soundings were sorted and examined according 
to wind direction. Severe weather events were examined according to 
wind direction and other atmospheric sounding parameters for 1995-
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2009. For the period 2003 to 2007, ArcGIS composites were made to 
highlight the location of precipitation according to wind direction; 
correlations were performed between atmospheric sounding indices 
and precipitation data; an examination was made of wind direction’s 
effect on the timing and location of precipitation within Gr2Analyst; 
and an examination was made of Pinellas County station precipitation 
gauges according to wind direction. Sounding data was available from 
1995-2009, however correlations were run only from 2003-2007 to 
match the ArcGIS composites that were derived. 
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Table 2 Time Periods of Available Data and Corresponding Analyses. 
1995-2009 2003-2007 
DATA USED ANALYSES DATA USED ANALYSES 
NWS 
soundings 
 
Dominant 
wind 
direction 
analysis 
(Excel) 
NWS soundings 
 
Dominant wind 
direction analysis 
(Excel); correlations 
between 
atmospheric 
parameters and 
precipitation 
amounts analysis 
(Excel and SPSS); Z-
test for proportion 
between number of 
wind direction days 
(Excel); 
NCDC severe 
weather 
events 
Examination 
of 
atmospheric 
parameters, 
including 
wind 
direction, on 
severe 
weather 
(Excel) 
NWS Pinellas 
County Station 
Precipitation 
Data 
Actual recorded 
precipitation 
amounts sorted by 
wind direction 
analysis (Excel) 
NWS Multi-
sensory rainfall 
shapefile data 
ArcGIS precipitation 
location and 
amounts composites 
and analysis 
NWS Nexrad 
Level II archive 
radar data 
Gr2Analyst 
examination of 
timing and location 
of precipitation 
amounts analysis 
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CHAPTER 3: 
RESULTS 
The results of this study provide a solid foundation for 
understanding precipitation, wind flow and severe weather occurrences 
for Pinellas County, Florida. Wind direction and other atmospheric 
indices for Pinellas County are examined and explained. Spatial 
patterns of precipitation associated with wind directions are also 
examined and displayed in a graphical output. Atmospheric 
parameters are examined in relation to precipitation amounts, and 
correlations are explained. The timing and location of precipitation 
events are examined in Gr2Analyst and screenshots are displayed. 
Severe weather is also examined in relation to wind direction and 
other atmospheric parameters.  
3.1 Dominant Wind Flow Patterns 
When considering the six wind direction categories identified in 
Chapter 2, there is a dominance of easterly days vs. westerly days 
(Table 3). It should be noted that there were nearly twice as many 
days with an easterly flow of air than with a westerly flow (272 
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compared to 154, respectively) during June, July and August from 
2003-2007. A Z-test for proportion was performed in Excel and 
revealed that this difference is statistically significant, with a p-value of 
<0.001. This means that the dominance of easterly winds in Florida 
was found to be of statistical importance. During June, July and August 
from 1995-2009, a dominance of easterly wind flow still exists (754 to 
579, respectively), but it not as prominent compared with that 
observed for the 2003-2007 period. However, a Z-test for proportion 
was also performed on the 1995-2009 data and this was found to be 
statistically significant at the 0.05 level. This supports one of the 
hypotheses that there would be more easterly flow days than westerly 
flow days. This finding is in accord with the findings of Blanchard and 
Lopez (1985) and Henry et al. (1994).  
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Table 3 Number of Days in Each Wind Direction. 
Wind Direction (°) Number of 
Days from 
1995-2009 
Number of 
Days from 
2003-2007 
1-60 36 13 
61-120 274 111 
121-180 444 148 
181-240 452 131 
241-300 113 23 
301-360 14 0 
TOTAL DAYS 1333 426 
TOTAL ―EASTERLY‖ (1-180°) DAYS 754 272 
TOTAL ―WESTERLY‖ (181-360°) DAYS 579 154 
 
Examination of the statistical differences between each Easterly 
wind direction (1-60°, 61-120°, and 121-180°) and each Westerly 
wind direction (181-240°, 241-300°, and 301-360°) from 1995-2009 
was also completed in Excel (Table 4) to further examine the 
differences between the number of easterly versus westerly wind flow 
days. All east-to-west comparisons showed statistically significant 
differences except the comparison between the number of days in the 
southeast wind direction in comparison to the number of days with a 
southwesterly direction (121-180° vs. 181-240°). This confirmed that 
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there is a statistically significant amount of easterly days compared 
with westerly days.  
 
Table 4 Wind Direction Significance from 1995-2009. 
Wind Direction (°) 
Comparison 
Significance Level 
(p-value <0.05) 
1-60 : 301-360 
NE to NW 
0.005 
1-60 : 241-300 
NE to W 
<0.001 
1-60 : 181-240 
NE to SW 
<0.001 
61-120 : 241-300 
E to W 
<0.001 
61-120 : 301-360 
E to NW 
<0.001 
61-120 : 181-240 
E to SW 
<0.001 
121-180 : 181-240 
SE to SW 
0.890 
121-180 : 241-300 
SE to W 
<0.001 
121-180 : 301-360 
E to NW 
<0.001 
 
3.1.1 Summary of Dominant Wind Flow Patterns. In 
summary, the dominant wind flow of Pinellas County appears to be 
from the east.  The Z-test for proportion run in Excel revealed that a 
statistically significant difference exists between the number of 
―easterly‖ days (1-180°) versus the number of westerly days (181-
360°) that Pinellas County experienced from both 1995-2009 as well 
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as for the shorter time period from 2003-2007. The dominance of 
easterly winds in Florida is supported by previous findings by 
Blanchard and Lopez (1985) and Henry et al. (1994). 
3.2 Precipitation  
3.2.1 Precipitation Patterns. Daily rain gauge and multi-
sensory rainfall data from 2003-2007 in Pinellas County reveals that 
wind direction is closely related to precipitation patterns. Daily rain 
gauge precipitation data from 2003-2007 (Figure 7) show that more 
rain occurs in Pinellas when winds are coming from 80° to 240°, with 
the most precipitation occurring with a southerly component. 
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Figure 7. Total Precipitation by Wind Direction. 
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The NWS daily multi-sensory rainfall amounts were totalled and 
composited in ArcGIS according to the dominant wind direction in all 
six 60-degree groups representing northeast through northwest 
directions.  These rainfall composites (Figures 8-13) by wind direction 
show where the most significant rainfall occurs in relation to the 
dominant wind flow from June-August of 2003-2007.  These ArcGIS 
composites display higher precipitation amounts occurring in Pinellas 
County on days with a southwesterly than a southeasterly component. 
This supports one of the hypotheses of this study that westerly winds 
would bring more precipitation to Pinellas County. It is also consistent 
with the findings of Riehl (1949) who found that when westerly winds 
prevail in Tampa, there is an increase in precipitation. The northerly 
component was not as active as the southerly component, and no 
precipitation occurred on a day when wind blew from 301-360°. 
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Figure 8. Rainfall Composite 1-60° Wind Direction. 
65 
 
 
Figure 9. Rainfall Composite 61-120° Wind Direction.  
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Figure 10. Rainfall Composite 121-180° Wind Direction. 
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Figure 11. Rainfall Composite 181-240° Wind Direction. 
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Figure 12. Rainfall Composite 241-300° Wind Direction. 
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Figure 13. Rainfall Composite 301-360° Wind Direction.  
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The multi-sensory composites show the sensitivity of the rainfall 
distribution to wind direction as well as the average amount of 
precipitation per day that is associated with each wind category 
whether or not rain occurred.  For the northeast sector winds, 1-60° 
(Figure 8), rainfall was primarily over the central part of the county 
with two maxima. During a day featuring northeast winds, the average 
amount of rainfall ranged from 0.09 to 0.63 inches. When winds arrive 
from the eastern sector, 61-120° (Figure 9), the most significant 
rainfall maximum was over central Pinellas with a secondary maximum 
over the northern part of the county. During a day featuring easterly 
winds, the average amount of rainfall ranged from 0.25 to 0.42 inches. 
With southeasterly winds, 121-180° (Figure 10), the most significant 
rainfall maximum was in central Pinellas with a secondary maximum in 
the north. During a day featuring southeast winds, the average 
amount of rainfall ranged from 0.26 to 0.58 inches. When winds are 
out of the southwest 181-240° (Figure 11), the rainfall maximum was 
over the central peninsula with a much weaker secondary maximum 
over the southern end of the county. During a day featuring southwest 
winds, the average amount of rainfall ranged from 0.36 to 0.73 inches.  
When winds are primarily out of the west, 241-300°, (Figure 12), 
rainfall was predominantly over the west central part of the Pinellas 
71 
 
peninsula. During a day featuring westerly winds, the average amount 
of rainfall ranged from 0.24 to 0.94 inches.  
These multi-sensory composites sorted by wind direction in 
ArcGIS show that precipitation is heaviest when there is a westerly 
component. This may be due to moisture that is pulled in from the Gulf 
of Mexico. Another possible explanation is the effect of coastline 
curvature since Pinellas County has mostly a convex coastline on the 
western side. The convex coastline likely creates sea breeze 
convergence over central Pinellas, which encourages instability 
through mechanical means (Baker et al., 2001).  
Composite maps of precipitation indicate that the largest range 
of precipitation across Pinellas County occurs when winds are from the 
241-300° direction category. However, ANOVA test results indicate 
that the greatest sum of the 55 averaged data points  (see Figure 6 for 
55 data points) and the highest average amount of precipitation over 
the study area occurs when winds are out of the 181-240° category 
(shown in Table 5). The 241-300° wind direction category’s larger 
range and lower average indicates that there are fewer large 
precipitation amounts, with a greater frequency of smaller precipitation 
amounts throughout Pinellas County which reduces the average in 
comparison to 181-240°. The 181-240° wind direction category’s 
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higher average indicates that there were several locations where 
precipitation amounts were higher throughout Pinellas County. This 
brought the average up in comparison with the 241-300° wind 
direction category. The ANOVA test reveals that there are statistically 
significant differences (at the 5% level) in the averages between the 
wind direction groups. Therefore, we can say that more of Pinellas 
County’s rain occurs when winds are out of the west and southwest.  
 
Table 5. ANOVA Tests: Rainfall Statistics Based on Wind Direction. 
*The sum is the sum of the average of each point of precipitation 
within Pinellas County. 
ANOVA: Single Factor;  a=0.05 
SUMMARY 
Wind Direction 
Categories (°) 
Sum* Average Standard Deviation 
1-60 19.06 0.35 0.13 
61-120 18.13 0.33 0.04 
121-180 21.52 0.39 0.06 
181-240 26.11 0.47 0.07 
241-300 24.87 0.45 0.13 
ANOVA 
  
Reject Null Hypothesis 
because  
p < 0.05 (Means are 
Different) 
  
A Bonferroni test was run in SPSS to provide more detail as to 
where the statistically significant differences noted in Table 5 actually 
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occur between each wind direction category and the other categories. 
This test showed that rainfall amounts are statistically different when 
comparing each of the wind regimes. Table 6 shows that significant 
differences in precipitation exist between 1-60° and 180-240°; and 1-
60° and 240-300°. This means that there is a statistically significant 
increase in rain between the northeasterly and the southwesterly and 
westerly wind categories. There is also a significant difference between 
61-120° and 121-180°; 61-120° and 181-240°; and 61-120° and 
241-300°, which signifies that there is a statistically significant 
increase in rain as a westerly component is introduced. There is also a 
statistically significant difference between and between 121-180° and 
181-240°; and 121-180° and 241-300°, which again signifies a 
statistically significant increase in precipitation between an easterly 
and a westerly wind direction. This supports the idea that a westerly 
wind direction increases the amount of rain to Pinellas County. 
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Table 6. Bonferroni Test. 
Wind 
Direction 
(°) 
Compared to 
wind direction 
category (°) 
Mean 
Difference 
Std. 
Error 
Significance 
(p-value) 
1-60 61-120 0.02 0.018 1.00 
 
121-180 -0.05 0.018 0.14 
 
181-240 -0.13 0.018 0.00 
 
241-300 -0.11 0.018 0.01 
61-120 121-180 -0.06 0.018 0.00 
 
181-240 -0.15 0.018 0.00 
 
241-300 -0.12 0.018 0.00 
121-180 181-240 -0.08 0.018 0.00 
 
241-300 -0.06 0.018 0.01 
181-240 241-300 0.02 0.018 1.00 
 
When looking at the spatial patterns of precipitation in Pinellas 
County (Figures 8-13), more precipitation occurs in the center of the 
peninsula than the coasts, except for days with wind in the 181-240° 
and 241-300° categories, where much precipitation occurs along 
coastal areas. This could possibly be due to the effect of Pinellas 
County’s elevation and orographic effects (Figure 14). Lopez and Holle 
(1986) determined that thunderstorm activity in Florida is controlled 
by a complex interaction between the sea breeze and other synoptic 
patterns, and the underlying topography. Boybeyi and Raman (1992) 
confirm that coastal irregularities have an influence on convection. 
When wind is coming from the 181-240° wind direction, the elevation 
effect is more subtle, due to a smaller change in elevation from the 
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southwest to the northeast side of the county. The direction the wind 
is coming from may influence the effect of the underlying topography 
on precipitation patterns. However, it is highly stressed that further 
observational and modeling studies need to be conducted in order to 
fully understand the effect of irregular shorelines and complex 
topography on sea breeze precipitation patterns (National Research 
Council, 1992).  
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Figure 14. Pinellas County Elevation (Florida Geographic Data Library 
Dataset).  
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Figure 15 shows daily precipitation averages by wind direction 
for June, July and August from 2003-2007. The range of precipitation 
is shown for each category, represented by the lines. The blue and 
black boxes represent the Inter Quartile Range, which is where 50% of 
the data resides. The blue box represents the data from Quartile 1 to 
the Median (or Quartile 2), where 25% of the data resides. The black 
box represents the data from the Median (or Quartile 2) to Quartile 3, 
where 25% of the data resides. Figure 15 shows that the minimum 
amount of precipitation for each of the categories steadily increases, 
with the exception of the lower threshold of the 241-300° category. 
This means that with a more westerly component of wind flow, higher 
precipitation amounts can be expected. The 1-60° wind direction 
category has the highest range of precipitation of 0.54 inches, 
disregarding any outliers. An outlier is defined as any datum that lies 
outside of the upper fence (or above the 75th percentile; 1.5 times the 
IQR -/+ Quartile 1 or Quartile 3, respectively). Outliers were not 
considered part of the range since these observations are significantly 
above or below the ―normal‖ for the dataset given. The range drops 
dramatically in the 61-120° category to 0.17 inches, but steadily rises 
again through the 241-300° category to 0.455 inches. The first outlier 
appears in the 121-180° category, and steadily increases to three total 
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outliers in the 241-300° category, meaning there is more of a chance 
of a higher out-of-the-norm precipitation event with a more westerly 
wind flow. The median amount of rainfall is the highest (0.52 inches) 
when air moves into Pinellas at 181-240°; is only slightly less in the 
241-300° category (0.5 inches); declines further still in the 1-60° 
category (0.44 inches); and even further in the 61-120° category 
(0.36 inches); but increases again in the 121-180° category (0.43 
inches). This is generally consistent with the hypothesis that a 
westerly flow of air into Pinellas brings more precipitation. This finding 
is in agreement with that of Riehl (1949) for his analysis for Tampa. A 
westerly flow of air could cause more precipitation in Pinellas County 
since it could be bringing in more moisture from the Gulf of Mexico. 
Whereas air from the east, has largely come from the drier land 
(although it may have picked up some moisture crossing Tampa Bay). 
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Figure 15. Daily Precipitation Averages by Wind Direction from 2003-
2007. The range of precipitation is shown for each category, 
represented by the lines. The blue and black boxes represent the Inter 
Quartile Range, which is where 50% of the data resides. The blue box 
represents the data from Quartile 1 to the Median (or Quartile 2), 
where 25% of the data resides. The black box represents the data 
from the Median (or Quartile 2) to Quartile 3, where 25% of the data 
resides. 
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3.2.1.1 Summary of Precipitation Patterns. In summary, 
examination of precipitation patterns in ArcGIS and daily precipitation 
gauges in Pinellas County showed that westerly days bring more 
precipitation to Pinellas County and often times in two maxima 
throughout the Pinellas peninsula.  ANOVA and Bonferroni tests 
revealed that statistically significant differences are present between 
wind direction categories, and that westerly days bring more rain. 
3.2.2 Precipitation Timing. Two different days from each wind 
direction category with precipitation present from 2003-2007 were 
examined in Gr2Analyst to examine the timing and extent of 
precipitation in relationship with wind direction. The two days with the 
highest amount of precipitation for which data could be obtained were 
picked from each of the five active wind direction categories. This was 
done in order to get example days of each wind direction category that 
would have a large amount of precipitation to examine. These cases 
are discussed in more detail below. Table 7 provides a summary table 
of associated wind flow and precipitation times. 
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Table 7. Dates and Wind Directions Examined with Corresponding 
Active Precipitation Times. 
Date Wind 
Direction  
(°)  
Times of  Most Active 
Precipitation (UTC) in Pinellas 
County 
June 25, 2006 1-60 2112-2322 
July 19, 2006 1-60 1550-1756 
August 16, 2007 61-120 2050-2358 
June 23, 2005 61-120 2004-2214 
June 13, 2004 121-180 2222-2355 
June 28, 2005 121-180 2044-2359 
August 2, 2007 181-240 1st rainfall event: 0811-1518 
2nd rainfall event: 1548-1709 
3rd rainfall event: 1744-1904 
4th rainfall event: 1939-2044 
July 19, 2004 181-240 1st rainfall event: 0421-0629 
2nd rainfall event: 0721-0950 
3rd rainfall event: 1219-1437 
4th rainfall event: 1712-1915 
July 24, 2005 241-300 1st rainfall event: 0700-0854 
2nd rainfall event: 2244-2359 
June 21, 2007 241-300 0915-1212 
 
On days with wind in the 181-360° category, precipitation 
happens notably earlier in the day (~0400-2400 UTC) than wind 
categories from 1-180° (~1500-2400 UTC).  It has already been 
established by researchers such as Gentry and Moore (1954) and Riehl 
(1949) that, in general, westerly wind flow days bring precipitation 
notably earlier in the day than on days with an easterly flow, and this 
was confirmed when examining Gr2Analyst radar files. Convection 
begins on the west coast earlier on days with a westerly flow than an 
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easterly flow. With an easterly wind flow, the west coast sea breeze is 
hindered. On westerly flow days, precipitation in Pinellas County 
generally lasts throughout the entire day, beginning around ~0800 
UTC, versus easterly flow days where precipitation only occurs in the 
latter half of the day, beginning around ~1500 UTC. This is likely due 
to the time that it takes for convection on the east coast to reach the 
west coast on an easterly flow day. This is consistent with one of the 
hypotheses that precipitation would come later on days with an 
easterly wind flow. This is also consistent with the findings of Gentry 
and Moore (1954) for their study conducted in South Florida.  
An examination of precipitation timing by wind direction reveals 
clear differences between easterly and westerly wind direction days. In 
this section, the characteristics of the timing of precipitation for the 
easterly wind direction cases will first be presented, then the 
characteristics of the timing of precipitation for the westerly wind 
direction cases will follow. Figures 16-38 present screenshots of the 
radar display in Gr2Analyst, which will be explained in more detail 
below. Each screenshot represents a snapshot of time when 
precipitation was progressing across Pinellas County. The color scale 
(left of figures) represents dBz levels displayed on the radar, where 
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shades of green represent light rain, and shades of orange and red 
represent areas of heavier precipitation. 
On June 25, 2006, winds were out of the northeast, from the 1-
60° wind direction category. Convection progressed across the state 
from the east coast towards the west coast. The first major 
precipitation occurred around 2135 UTC, i.e. late in the day, 
supporting the results and Table 7, and the hypothesis that easterly 
days will bring rain later in the day than westerly days. Figure 16 
represents a snapshot in time of the first precipitation within Pinellas 
County. Most of the precipitation of this storm appeared to fall just 
north of the center maximum that was determined for the average 
precipitation for this wind category (Figure 8).   
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Figure 16. 1-60°: Base Reflectivity Radar (dBz) on June 25, 2006 
(2130 UTC). DBzs (color scale on left of image) represent the radar 
reflectivity rate with lower to higher rates indicating light to heavy rain 
respectively (See Table 1). 
 
 On July 19, 2006, winds were also in the 1-60° wind direction 
category. Convection progressed across the state from the east coast 
to the west coast. The first major precipitation occurred around 1629 
UTC (Figure 17). This again supports the earlier hypothesis that 
easterly days bring rain late in the day. However, this precipitation 
was not a result of the east coast sea breeze making its way to the 
west coast (as in the previous case), since the east coast sea breeze 
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was just inland from the east coast. It appears that this precipitation is 
a result of a late starting west coast sea breeze due to the dominance 
of an easterly wind flow.  The majority of rainfall on this day occurred 
in Northern Pinellas, just south of the northern maximum that was 
determined for the 1-60° wind flow category (Figure 8).  
 
Figure 17. 1-60°: Base Reflectivity Radar (dBz) on July 19, 2006 
(1629 UTC). DBzs (color scale on left of image) represent the radar 
reflectivity rate with lower to higher rates indicating light to heavy rain 
respectively (See Table 1). 
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On August 16, 2007 the winds were in the 61-120° wind 
direction category. The first precipitation on this day occurred late at 
night, around ~2100 UTC. This again supports the hypotheses that 
easterly winds would bring rain late in the day. Most of the rain on this 
day occurred just west of the northern maximum that was generated 
for this wind flow day (Figure 9). 
Figures 18-21 show a series of images that highlight where the 
east coast sea breeze collided with the west coast sea breeze over 
Pinellas County, causing storms to form on August 16, 2007. In Figure 
18, the west coast sea breeze begins to form and move inland (circled 
in red). In Figure 19, the east coast sea breeze propagates inland 
towards the west coast (the two sections of the east coast sea breeze 
are highlighted in two solid red circles; the west coast sea breeze is 
circled in a dotted red line). In Figures 20 and 21, the east coast and 
west coast sea breeze collide, creating storms (circled in red). When 
the east coast sea breeze converged with the west coast sea breeze, 
the convergence created instability through mechanical means, which 
made the storm grow. 
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Figure 18. 61-120°: West Coast Sea Breeze (red circle) Forming on 
August 16, 2007 (2107 UTC). DBzs (color scale on left of image) 
represent the radar reflectivity rate with lower to higher rates 
indicating light to heavy rain respectively (See Table 1). 
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Figure 19. 61-120°: East Coast Sea Breeze (red circles) and the West 
Coast Sea Breeze (red dashed circle) on August 16, 2007 (2247 UTC). 
DBzs (color scale on left of image) represent the radar reflectivity rate 
with lower to higher rates indicating light to heavy rain respectively 
(See Table 1). 
 
 
89 
 
 
Figure 20. 61-120°: East Coast and West Coast Sea Breeze Colliding 
and Beginning to Cause Storms on August 16, 2007 (2358 UTC) . 
DBzs (color scale on left of image) represent the radar reflectivity rate 
with lower to higher rates indicating light to heavy rain respectively 
(See Table 1). 
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Figure 21. 61-120°: East Coast and West Coast Sea Breeze Colliding 
Causing More Storms on August 17, 2007 (0045 UTC). DBzs (color 
scale on left of image) represent the radar reflectivity rate with lower 
to higher rates indicating light to heavy rain respectively (See Table 
1). 
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On June 23, 2005 winds were again in the 61-120° wind 
direction category. The east coast sea breeze moved from southeast to 
northwest, progressed across the state and convection again reached 
Pinellas County late in the day, around 2004 UTC. This also supports 
the hypothesis that easterly wind flow days will bring precipitation late 
in the day. Figure 22 shows the base reflectivity radar around the time 
the first precipitation occurred. There were two locations in Pinellas 
County where precipitation was heaviest from this precipitation event. 
The first location was in northern Pinellas around the northern 
maximum generated for the 61-120° wind category (Figure 9). The 
second heaviest precipitation occurred just southwest of the two 
southern maxima generated for the 61-120° wind category (Figure 9). 
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Figure 22. 61-120°: Base Reflectivity Radar (dBz) on June 23, 2005 
(2031 UTC).  DBzs (color scale on left of image) represent the radar 
reflectivity rate with lower to higher rates indicating light to heavy rain 
respectively (See Table 1). 
 On June 13, 2004 winds were coming from the 121-180° 
direction category. Convection began in South Florida and progressed 
in a northwest direction towards Pinellas County. The first major 
precipitation occurred around 2339 UTC (Figure 23), with lighter 
precipitation beginning around 2222 UTC. This again supports the 
hypotheses that easterly wind directions would bring rain late in the 
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day. The heaviest amount of precipitation associated with this 
precipitation event occurred in Northern Pinellas County in between 
the two rainfall maximums generated for the 121-180° wind direction 
category (Figure 10) on the eastern side of the peninsula. This rainfall 
pattern did not fit into the average precipitation location generated in 
ArcGIS for the 121-180° (Figure 10) wind direction category as other 
precipitation events have, and therefore did not support these results 
found previously in this research.  
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Figure 23. 121-180°: Base Reflectivity Radar (dBz) on June 13, 2004 
(2339 UTC). DBzs (color scale on left of image) represent the radar 
reflectivity rate with lower to higher rates indicating light to heavy rain 
respectively (See Table 1). 
 
 On June 28, 2005 winds were again from the 121-180° wind 
direction category. Convection began in South Florida near Miami and 
progressed towards Pinellas County. The first major precipitation 
occurred around 2059 UTC (Figure 24). The heaviest precipitation was 
located just west of the southern precipitation maximum generated for 
the 121-180° wind direction category (Figure 10).  
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Figure 24. 121-180°: Base Reflectivity Radar (dBz) on June 28, 2005 
(2059 UTC). DBzs (color scale on left of image) represent the radar 
reflectivity rate with lower to higher rates indicating light to heavy rain 
respectively (See Table 1). 
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On August 2, 2007 winds were from the 181-240° (i.e. the 
southwest) direction category. On this day, precipitation occurred 
much earlier in the day than on days associated with an easterly wind 
flow. The first precipitation occurred around 0811 UTC. This is 
significant because the precipitation timing has shifted to morning 
hours because of a westerly wind direction, as suggested by one of the 
hypotheses.  
There were four precipitation events that affected Pinellas 
County during this day. Precipitation events were separated by a lack 
of rain in Pinellas County (i.e. if precipitation was not present in all of 
Pinellas County, a separation between precipitation events was 
determined). This supports one of the earlier hypotheses noted in 
Section 1.4 that westerly winds would bring multiple rainfall events 
throughout the day. The first precipitation event entailed a long period 
of rain, lasting from 0811-1518 UTC. A strong line of storms came 
through around 1022 UTC (Figure 25). There was a short break in 
precipitation from 1518-1548 UTC, and precipitation resumed again 
and lasted until 1709 UTC. There was another short break in 
precipitation (~30 minutes), and precipitation resumed again around 
1744 UTC and lasted until 1904 UTC. After yet another short break in 
precipitation (~30 minutes), rainfall continued from 1939-2044 UTC.  
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It was difficult to determine where the heaviest precipitation for 
this day occurred since there were four precipitation events that 
occurred, and Gr2Analyst does not have a storm total view to show 
rainfall totals.  However, precipitation appeared to be heaviest for the 
first rainfall event in Northern Pinellas County around the northern 
weaker rainfall maximum generated in ArcGIS for the 181-240° wind 
category (Figure 11). The heaviest precipitation associated with the 
second precipitation event (~1000 UTC) occurred around the same 
place as the first precipitation event. The heaviest precipitation in the 
third precipitation event (~1400 UTC) occurred around the southern 
tip of the Pinellas peninsula, which again does not match up with the 
rainfall maximum generated for the 181-240° wind direction category 
(Figure 11). The heaviest precipitation associated with the fourth 
precipitation event (~1800 UTC) was also around the southern tip of 
the Pinellas peninsula, which does not match up with the figure 
generated for the 181-240° wind direction category (Figure 11).   
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Figure 25. 181-240°: Base Reflectivity Radar (dBz) on August 2, 
2007 (1022 UTC). DBzs (color scale on left of image) represent the 
radar reflectivity rate with lower to higher rates indicating light to 
heavy rain respectively (See Table 1). 
 
On July 19, 2004 the wind was again from the 181-240° wind 
direction category. On this day, precipitation also occurred much 
earlier in the day than on days associated with an easterly wind flow. 
The first precipitation occurred around 0100 UTC. This example further 
supports the hypothesis that westerly wind flow would bring rain early 
in the day.   
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There were again four precipitation events identified for this day. 
Precipitation events were separated by a lack of rain in Pinellas 
County. The first precipitation event lasted from 0421-0629 UTC. 
There was a short break (just under an hour), and then precipitation 
resumed at 0721 UTC and lasted until 0950 UTC. There was a break in 
rainfall from 0950-1219 UTC, and then precipitation resumed again 
from 1219-1437 UTC. There was another break in precipitation from 
1437-1712, and one last shower occurred from 1712-1915 UTC.  
Again, it was difficult to determine where the heaviest 
precipitation for this day occurred due to the multiple precipitation 
events in the same day.  The heaviest precipitation that was 
associated with the first rainfall event (~0400 UTC) occurred slightly 
east of the rainfall maximum generated for the 181-240° wind 
direction category (Figure 10). The heaviest rainfall associated with 
the second precipitation event (~0700 UTC) occurred in Northern 
Pinellas just north of Clearwater, FL, which does not match up with the 
rainfall maximum generated for the 181-240° wind direction category 
Figure 11). The third precipitation event is represented by Figure 26, 
which shows the base reflectivity radar of one of the heavier 
precipitation events that occurred on this day (~1300 UTC). The 
heaviest precipitation for this third precipitation event occurred in both 
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extreme Northern Pinellas County and in the center of the peninsula. 
This does not match the rainfall maximums generated for the 181-
240° wind direction category (Figure 11).  
 
 
Figure 26. 181-240°:  Base Reflectivity Radar (dBz) on July 19, 2004 
(1300 UTC). DBzs (color scale on left of image) represent the radar 
reflectivity rate with lower to higher rates indicating light to heavy rain 
respectively (See Table 1). 
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The heaviest precipitation associated with the fourth 
precipitation event (~1700 UTC) on July 19, 2004 occurred in Northern 
Pinellas and South-Central Pinellas County. This again does not match 
the rainfall maximums generated for the 181-240° wind direction 
category (Figure 11).  
On July 24, 2005 the wind was in the 241-300° (i.e. west) wind 
direction category. Like the previous westerly wind direction examples, 
on this day, precipitation also occurred much earlier in the day than on 
those days associated with an easterly wind flow. The first 
precipitation event occurred around 0700 UTC and lasted until 0854 
UTC again supporting the hypotheses that westerly winds would bring 
precipitation early in the day. A second occurrence of precipitation also 
occurred around 2244 UTC and lasted until 2359 UTC (Figure 27), 
which supports the hypothesis that westerly winds would bring rain 
more often throughout the day than easterly winds. Again, it was 
difficult to determine the location of the heaviest precipitation for this 
day since there were two main precipitation events that occurred. 
However, precipitation for the first event seemed heaviest along the 
northwest Pinellas coast. This does not match up with the maximum 
rainfall totals generated for the 241-300° wind direction category 
(Figure 12). The heaviest amount of precipitation associated with the 
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second precipitation event was in the northeast and southeast corners 
of Pinellas County. This also does not match up with the rainfall 
maximums generated for the 241-300° wind direction day (Figure 12).  
 
Figure 27. 241-300°: Base Reflectivity Radar (dBz) on July 24, 2005 
(2324 UTC). DBzs (color scale on left of image) represent the radar 
reflectivity rate with lower to higher rates indicating light to heavy rain 
respectively (See Table 1). 
 
On June 21, 2007 the wind was once again from the 241-300° 
direction category. On this day, precipitation also occurred much 
earlier in the day than on days associated with an easterly wind flow. 
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The first and only precipitation occurred around 0915 UTC and lasted 
until around 1212 UTC (Figure 28). This is another example supporting 
the hypotheses that westerly wind would bring rain earlier in the day.  
When considering the hypothesis that westerly winds would 
bring rainfall frequently throughout the day, there was only one 
precipitation event identified for this day, which does not support the 
hypothesis. However this rainfall event lasted three hours, so it could 
be considered to support the hypothesis that westerly winds would 
bring more rain throughout the day. The heaviest amount of 
precipitation associated with this rainfall event was just north of the 
rainfall maximum generated for the 241-300° wind direction category 
(Figure 12).  
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Figure 28. 241-300°: Base Reflectivity Radar (dBz) on June 21, 2007 
(0933 UTC). DBzs (color scale on left of image) represent the radar 
reflectivity rate with lower to higher rates indicating light to heavy rain 
respectively (See Table 1). 
 
3.2.2.1 Summary of Precipitation Timing. Examination of 
precipitation timing in Gr2Analyst showed that easterly wind days 
generated rain later in the day than westerly wind days. Further 
examination also found that westerly wind days generally have 
multiple periods of rainfall throughout the day, whereas easterly wind 
days generally only featured one rainfall event that occurred later in 
the day. 
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3.2.3 Influence of Wind Speed, Moisture and Stability on 
Precipitation. Section 3.2 above notes the relationship between wind 
direction and precipitation. Further analysis has found that wind speed, 
moisture and atmospheric stability also appear to be related to 
precipitation.  
A detailed description of each wind direction category and its 
respective average, maximum, and minimum atmospheric parameters 
for June, July and August of 2003-2009 is shown in Table 8.  
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Table 8. Atmospheric Parameter Averages, Maximums, and Minimums 
by Wind Direction for June, July and August of 2003-2007. 
Wind 
Direction 
(°) and 
Number of 
Days 
examined 
 
WIND 
SPEED 
(ms-1) 
CAPE 
(J kg-1) 
CAPEV 
(J kg-1) 
PWAT 
(mm) 
STATION 
PRECIP 
(inches) 
1-60 
13 days       AVE 4.39 879.35 1013.74 49.10 0.19 
MIN 1.80 229.88 333.78 35.55 0 
MAX 12.56 1345.84 1564.26 63.61 0.61 
61-120 
111 days       AVE 3.83 989.68 1143.62 44.03 0.26 
MIN 0.82 0 0 6.43 0 
MAX 14.28 3290.72 3608.97 61.88 1.24 
121-180 
148 days 
 
     AVE 4.11 990.40 1129.36 47.29 0.27 
MIN 1.03 0 0 25.21 0 
MAX 21.21 2923.96 3161.07 67.49 2.93 
181-240 
131 days 
 
     AVE 4.34 1477.51 1648.77 48.95 0.30 
MIN 0.82 0 0 19.75 0 
MAX 17.30 4159.75 4483.10 71.56 2.87 
241-300 
23 days 
 
     AVE 5.00 1281.76 1443.42 46.74 0.18 
MIN 2.16 0 4.46 27.16 0 
MAX 14.52 2913.65 3214.83 60.70 0.89 
 
The highest average CAPE (and CAPEV) was associated with the 
highest amount of precipitation. The least amount of precipitation was 
associated with the highest average wind speed. It is interesting to 
note that the highest average precipitable water was associated with 
almost the lowest average amount of station precipitation. This does 
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not support previous research or the correlation results from this 
study. This could be attributed to only thirteen days being analyzed for 
the 1-60° wind direction, which could cause an abnormally high 
precipitable water measurement (or abnormally low average station 
precipitation value). The highest average station precipitation amounts 
were associated with winds from 80° to 240° with the majority of 
precipitation occurring with a southerly component. 
However, the station precipitation values for each wind direction 
are different than the ANOVA statistics that were run on the ArcGIS 
composite data (Table 5). This could be due to inaccuracies in the 
ArcGIS multisensory data. More research needs to be conducted in 
order to fully understand these differences. 
Correlations between precipitation and these other variables 
were calculated using a macro in Excel called QI Macros. An 
examination of the five wind direction categories that featured 
precipitation revealed statistically significant correlations (at the 5% 
significance level) between precipitation and wind speed, and between 
precipitation and atmospheric moisture (precipitable water). CAPE did 
not show statistically significant correlations with precipitation in any 
wind direction category. These significant relationships have been 
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bolded in Tables 9 through 13 and discussed in more detail below. 
However, the parameters that showed statistically significant 
relationships were not consistent throughout wind direction categories. 
More research needs to be conducted to examine this inconsistency.  
Table 9. 1-60° Station Precipitation Correlated with Wind Speed, 
Convective Available Potential Energy (CAPE), CAPEV, Precipitable 
Water (PWAT). 
Parameter 
Correlation with 
Station Precipitation Significance 
Wind Direction -0.50 
Significant: 
p= 0.04 
possible type 1 error 
Wind Speed -0.33 
not significant;  
p= 0.46 
possible type 2 error 
CAPE 0.18 
not significant;  
p= 0.28 
possible type 2 error 
CAPEV 0.14 
not significant; 
p= 0.32 
possible type 2 error 
PWAT 0.26 
not significant;  
p= 0.19 
possible type 2 error 
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Table 10. 61-120° Station Precipitation Correlated with Wind Speed, 
Convective Available Potential Energy (CAPE), CAPEV, Precipitable 
Water (PWAT). 
Parameter 
Correlation with 
Station Precipitation Significance 
Wind Direction 0.15 
not significant; 
p= 0.05 
Wind Speed 0.03 
not significant; 
p=0.37 
CAPE 0.06 
not significant; 
p=0.25 
CAPEV 0.05 
not significant; 
p=0.29 
PWAT 0.29 
Significant; 
p=0.001 
 
 
Table 11. 121-180° Station Precipitation Correlated with Wind Speed, 
Convective Available Potential Energy (CAPE), CAPEV, Precipitable 
Water (PWAT). 
Parameter 
Correlation with 
Station Precipitation Significance 
Wind Direction 0.03 
not significant; 
p=0.32 
Wind Speed 0.25 
Significant; 
p=0.001 
CAPE -0.12 
not significant; 
p=0.06 
CAPEV -0.13 
Significant; 
p=0.05 
PWAT 0.43 
Significant; 
p<0.0001 
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Table 12. 181-240° Station Precipitation Correlated with Wind Speed, 
Convective Available Potential Energy (CAPE), CAPEV, Precipitable 
Water (PWAT). 
Parameter 
Correlation with 
Station Precipitation  Significance 
Wind Direction -0.02 
not significant;  
p= 0.38 
Wind Speed 0.29 
Significant; 
p=0.0003 
CAPE -0.04 
not significant;  
p= 0.32 
CAPEV -0.06 
not significant;  
p= 0.25 
PWAT 0.45 
Significant; 
p< 0.0001 
 
 
Table 13. 241-300° Station Precipitation Correlated with Wind Speed, 
Convective Available Potential Energy (CAPE), CAPEV, Precipitable 
Water (PWAT). 
Parameter 
Correlation with 
Station Precipitation Significance 
Wind Direction -0.32 
not significant; 
p=0.07 
Wind Speed 0.02 
not significant; 
p=0.46 
CAPE -0.33 
not significant; 
p=0.06 
CAPEV -0.34 
not significant; 
p=0.44 
PWAT 0.47 
Significant; 
p=0.011 
 
Wind speed is positively correlated with precipitation in all 
categories except the 1-60° wind direction category (Table 9). 
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However, only two of these correlations were statistically significant. A 
significant relationship was found between wind speed and 
precipitation amounts in the 121-180° and 181-240° category (Tables 
11 and 12, respectively). This means that with an increase in wind 
speed out of the southeast or southwest there is a statistically 
significant increase in precipitation. Within the significant correlations, 
a linear relationship exists between wind speed and precipitation (with 
an increase in wind speed, there is a corresponding steady change in 
precipitation) when winds have a strong southerly component (Figure 
29, Figure 30). The r2 value represents the change in precipitation that 
can be determined by the change in wind speed or precipitable water 
(or the percent of variance). Even though this r2 value is low, 
signifying a weak relationship, these relationships are still statistically 
significant. The positive correlation between wind speed and 
precipitation could be due to increased wind speeds helping to create 
updrafts and bring moisture and warm air to a storm, which can 
intensify the storm and cause more precipitation. This appears to 
contradict one of the hypotheses noted in Section 1.4 that a lower 
wind speed would bring more precipitation. These results are also 
contrary to what Gentry and Moore (1954) found; they cited evidence 
in Miami that weaker winds bring more showers later in the day. 
112 
 
Gannon (1978) also found that maximum intensities of the east and 
west coast sea breezes vary inversely with wind speed, meaning when 
wind speeds are greater, precipitation is less. 
 
Figure 29. Relationship between Wind Speed and Station Precipitation 
Significant Correlation for 121-180° (n= 148). 
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Figure 30. Relationship between Wind Speed and Station Precipitation 
Significant Correlation for 181-240° (n=131). 
 
 As expected, precipitable water is positively correlated with 
precipitation in all wind direction categories. Statistically significant 
correlations between precipitation and precipitable water in the 
atmosphere were found in the 61-120°, 121-180°, 181-240°, and the 
241-300° categories. This supports the earlier hypothesis that higher 
amounts of precipitable water would bring larger amounts of 
precipitation. This is also consistent with the results of Brenner (2004) 
who showed that precipitable water, stability, temperature, and wind 
velocity had the strongest correlations with the coverage and amount 
of rainfall. Increased precipitation requires more moisture in the 
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atmosphere, so it is reasonable that higher precipitation at the surface 
is correlated with higher precipitable water. For these relationships 
exhibiting significant correlations, linear regressions were performed 
and significant linear relationships were found (Figure 31-Figure 34). 
The 1-60° wind direction category was the only category to not have a 
significant relationship, but this could be attributed to a Type II error 
because there was a small n (13) for this category.  
 
Figure 31. Relationship between Precipitable Water and Station 
Precipitation Significant Correlation for 61-120° (n= 111). 
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Figure 32. Relationship between Precipitable Water and Station 
Precipitation Significant Correlation for 121-180° (n=148). 
 
 
Figure 33. Relationship between Precipitable Water and Station 
Precipitation Significant Correlation for 181-240° (n= 131). 
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Figure 34. Relationship between Precipitable Water and Station 
Precipitation Significant Correlation for 241-300° (n=23). 
 
Contrary to what was expected, atmospheric instability was not 
always positively correlated with precipitation. A positive correlation 
between increased instability and precipitation was only found in the 
1-60° and 61-120° wind direction categories (Tables 9 and 10). 
However, statistically significant correlations between CAPE and 
precipitation did not exist in any wind direction category, so a 
conclusion cannot be drawn as to CAPE’s influence on precipitation in 
Pinellas County. However, CAPEV did have a statistically significant 
negative relationship with precipitation in the 121-180° wind direction 
category. More research is needed to determine the reason behind the 
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CAPE and CAPEV discrepancy. This supports one of the hypotheses 
that CAPE would not always have a clear relationship with 
precipitation. This is also consistent with other research on the 
influence of CAPE, such as work done by Bluestein (1993), Koch and 
Ray (1997), Rasmussen and Blanchard (1998), Chaboureau et al. 
(2004), Yano et al. (2005) and Dupilka and Reuter (2006). 
3.2.3.1 Summary of Influence of Wind Speed, Moisture 
and Stability on Precipitation. Examination of the influence of wind 
speed, moisture and stability on precipitation showed that statistically 
significant correlations were found between precipitation amounts and 
wind speed and between precipitation amounts and precipitable water. 
CAPE was not found to have a statistically significant relationship with 
precipitation amounts in any wind direction category. However, more 
research needs to be conducted in order to fully understand the 
influence of CAPE on precipitation. 
3.3 Severe Weather Events 
3.3.1 Effect of Wind Direction Category on the Number of 
Severe Weather Events. Severe weather in Pinellas County can 
cause significant damage to property and personal injury. Severe 
weather events such as tornadoes, strong winds, hail, and flooding, 
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are of specific interest to operational forecasters because they try to 
alert the public to protect them and their property. The likelihood of 
severe weather in Pinellas County appears to be related to wind 
direction, with more events occurring during easterly air flow days 
than westerly (Table 14), which corresponds with my earlier 
hypothesis. 
Table 14. Severe Weather Events Reported in Pinellas County by Wind 
Direction, 1995-2009. 
Wind 
Direction 
(°) 
Hail 
Reports 
Tornado 
Reports 
Strong 
Wind 
Reports 
Flooding 
Reports 
TOTAL 
REPORTS 
E
A
S
T
E
R
L
Y
 
1-60 0 0 0 0 0 
61-120 7 4 7 4 22 
121-180 5 5 6 9 25 
W
E
S
T
E
R
L
Y
 
181-240 0 1 3 6 10 
241-300 0 3 0 2 5 
300-360 0 0 1 0 1 
TOTAL 
REPORTS 
12 13 17 21 63 
 
Statistical tests in Excel revealed that there is a statistically 
significant (p-value of <0.05) increase in the number of severe 
weather events that occur on easterly wind flow days (1-180°). There 
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were also significant differences between the numbers of each severe 
weather event reported. There were significantly more strong wind 
reports than hail and tornado reports. There were significantly more 
flooding reports than strong wind, hail, and tornado reports.   
Most severe weather occurred when winds were from the 121-
180° wind direction category.  On days featuring an easterly wind (1-
180°) direction, there were 47 reports of severe weather. There is a 
notably sharp decrease in severe weather reports for the westerly wind 
direction (181-360°): there were only 16 reports of severe weather on 
days featuring a westerly direction. It should be noted that no severe 
weather reports occurred on days with a 1-60° wind flow direction, 
and only one event when winds were from 301 to 360 degrees. When 
winds are out of the north during the summer, it seldom brings severe 
weather. Flooding was responsible for the highest number of reports 
(21), followed by strong winds (17), tornados (13) and hail (12).  
The increase in severe weather events with an easterly flow 
could be due to surface heating effects. As noted in Section 3.2.2, with 
an easterly flow, precipitation happens later in the day, allowing plenty 
of time for surface temperatures in Pinellas County to rise. By the time 
the east coast sea breeze makes its way to the Tampa Bay area in the 
later afternoon, local surface heating has made the atmosphere 
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unstable, so convergence with the humid, west coast sea breeze adds 
to atmospheric instability in Pinellas County and paves the way for 
severe weather events.  
3.3.2 All Atmospheric Parameters Related to Severe 
Weather. The average wind direction, wind speed, CAPE, precipitable 
water and SWEAT are presented in Table 15 for each of the severe 
weather events examined. The average wind direction associated with 
days with hail days was 110° (Table 15), consistent with the most 
frequent category noted in Table 14. The average wind speed 
associated with days with hail was the lowest out of the severe 
weather events studied compared to the range of severe weather 
events in this study from 1995-2009 (Table 15). Hail also had 
moderate CAPE values, and the lowest average precipitable water of 
all severe event days studied. The average wind direction associated 
with days with tornado reports was 169° (Table 15), consistent with 
the most frequent category noted in Table 14.  Days featuring 
tornadoes had moderate to higher average wind speeds, higher 
precipitable water values, higher SWEAT values and the lowest 
average CAPE values of the severe event days studied. The average 
wind direction during days in which strong wind was reported was 
149° (Table 15), which is inconsistent with the most frequent category 
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noted in Table 14, but still falls into the second most frequent 
category.  Strong wind event days featured moderate values for all 
variables. The average wind direction during days in which flooding 
was reported was 164° (Table 15), consistent with the most frequent 
category noted in Table 14.  Days featuring flooding reports had the 
highest average values for wind speed (2.8 ms-1), CAPE (1437 J kg-1) 
precipitable water (51 mm), and SWEAT (198) of the severe weather 
events studied. In summary, all of these findings support the 
hypotheses that increased atmospheric moisture and increased 
atmospheric instability are related to, and likely contribute to severe 
weather in Pinellas County.  
 
Table 15. Severe Weather Events Reported in Pinellas County by 
Atmospheric Parameter, 1995-2009. 
Severe 
Weather 
Event 
Average 
Wind 
Direction 
(°) 
Average 
Speed 
(ms-1) 
Average 
CAPE 
(J kg-1) 
Average 
PWAT 
(mm) 
 
Average 
SWEAT 
Hail 
110 1.90 1216 45 156 
Tornado 
169 2.40 1191 51 187 
Strong 
Wind 
149 2.00 1298 46 183 
Flooding 
164 2.80 1437 51 198 
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3.3.2.1 Hail. Pinellas County, FL received hail at least one inch 
in diameter twelve times from 1995-2009 (Table 14), and hail at least 
1 3/4 inches in diameter (severe hail) only happened six times from 
1995-2009. Only hail of one inch and greater was considered in this 
study. When considering which wind direction experienced the greatest 
amount of hail over Pinellas County, Table 16a shows that hail 
occurred only during days featuring east and southeast wind regimes 
(61-180°). The average wind direction on a hail day was 110° and the 
average wind speed was 1.9 ms-1 (Table 16b). Compared to other 
severe weather types studied, hail occurrences had the lowest average 
wind speed (1.9 ms-1), a moderate average CAPE value (1216 J kg-1), 
and the lowest precipitable water average (45 mm). No hail was 
reported with a westerly or northeasterly wind regime from 1995-
2009. 
 
Table 16a. Wind Direction, Number of Days and Percent of Reports 
for Hail ≥ 1‖ in Pinellas County between 1995-2009.  
 
Direction  
(°) Number of days 
Percent of reports 
(%) 
1-60 0 0 
61-120 7 58 
121-180 5 42 
181-240 0 0 
241-300 0 0 
301-360 0 0 
123 
 
Table 16b.  Average, Max., and Min. Wind Direction (°), Speed (ms-
1), CAPE (J kg-1), Precipitable Water (mm) (PWAT), and SWEAT Index 
for Days with Hail Reports ≥ 1‖ in Pinellas County between 1995-2009. 
 
 
Direction 
(°) 
Speed 
(ms-1) 
CAPE 
(J kg-1) 
PWAT 
(mm) SWEAT 
AVG 110 1.90 1216 45 156 
MAX 153 3.20 1903 54 191 
MIN 61 0.97 100 39 98 
 
3.3.2.2 Tornadoes. From 1995-2009, tornadoes in Pinellas 
County were more likely to occur when winds were out of the east and 
southeast (Table 17a). Moreover, almost one-third of Pinellas 
tornadoes occur on days when winds were out of the west or 
southwest. No tornadoes were reported with a northerly (northwest or 
northeast) wind regime. Table 17b shows that the average dominant 
wind direction and speed respectively were 169° and 2.4 ms-1. 
Compared with the other severe weather events studied, days 
featuring tornados had a moderate to higher average wind speed, a 
higher precipitable water value, a higher SWEAT value and the lowest 
average CAPE value.  
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Table 17a. Wind Direction, Number of Days and Percent of Reports 
for Tornadoes in Pinellas County between 1995-2009. 
 
Direction  
(°) Number of days 
Percent of reports 
(%) 
1-60 0 0 
61-120 4 31 
121-180 5 38 
181-240 1 8 
241-300 3 23 
301-360 0 0 
 
 
 
Table 17b.  Average, Max., and Min. Wind Direction (°), Speed (ms-
1), CAPE (J kg-1), Precipitable Water (mm) (PWAT), and SWEAT Index 
for Days with Tornado Reports in Pinellas County between 1995-2009. 
 
 
Direction 
(°) 
Speed 
(ms-1) 
CAPE 
(J kg-1) 
PWAT 
(mm) SWEAT 
AVG 169 2.40 1191 51 187 
MAX 287 3.60 2786 62 253 
MIN 88 1.20 36 40 134 
 
3.3.2.3 Strong Wind. From 1995-2009, strong winds in Pinellas 
County were most likely to occur in Pinellas County on days when 
winds were out of the east through southwest wind regimes. As noted 
in Section 2.2, ―Strong Wind‖ is defined as any wind gust of at least 50 
knots. Table 18a shows that the most strong wind reports occurred in 
the 61-120° wind category. Table 18b shows that the average 
dominant wind was 149° at 2.0 ms-1. Strong wind events had a 
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moderate value for wind speed, CAPE, precipitable water and SWEAT 
index compared to days when other severe weather events occurred. 
 
Table 18a. Wind Direction, Number of Days and Percent of Reports 
for Strong Wind in Pinellas County between 1995-2009. 
 
Direction  
(°) Number of Days 
Percent of reports 
(%) 
1-60 0 0 
61-120 7 41 
121-180 6 35 
181-240 3 18 
241-300 0 0 
301-360 1 6 
 
 
Table 18b. Average, Max., and Min. Wind Direction (°), Speed (ms-1), 
CAPE (J kg-1), Precipitable Water (mm) (PW), and SWEAT Index for 
Days with Strong Wind Reports in Pinellas County between 1995-2009. 
 
 
Direction 
(°) 
Speed 
(ms-1) 
CAPE 
(J kg-1) 
PWAT 
(mm) SWEAT 
AVG 149 2.00 1298 46 183 
MAX 319 5.40 4941 57 293 
MIN 88 0.77 38 36 128 
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3.3.2.4 Flooding. Pinellas County flood events from 1995-2009 
were associated with a southerly wind component. No flooding reports 
occurred when there was a northerly (northwest or northeast) wind 
regime present. Table 19a shows that the largest number of flood 
events occurred on days with winds in the 121-180° wind category. 
Table 19b shows that the average dominant wind direction and speed 
respectively were 164° at 2.78 ms-1. Flood occurrences had the 
highest average values of wind speed (2.8 ms-1), CAPE (1437 J kg-1) 
precipitable water (51 mm), and SWEAT (198) index of the severe 
weather events studied.  
 
Table 19a. Wind Direction, Number of Days and Percent of Reports 
for Flooding in Pinellas County between 1995-2009. 
 
Direction 
 (°) Number of days 
Percent of reports 
(%) 
1-60 0 0 
61-120 4 20 
121-180 9 45 
181-240 6 30 
241-300 2 10 
301-360 0 0 
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Table 19b. Average, Max., and Min. Wind Direction (°), Speed (ms-1), 
CAPE (J kg-1), Precipitable Water (mm) (PWAT), and SWEAT Index for 
Days with Flood Reports in Pinellas County between 1995-2009. 
 
 
3.3.3 Summary of Severe Weather Events. Results from this 
study indicate that most severe weather in Pinellas County between 
1995-2009 occurred on days with a southeasterly wind flow. Hail days 
had the lowest average wind speed, a moderate average CAPE value, 
and the lowest average precipitable water. Days with tornado 
occurrences had a moderate to high average wind speed, a higher 
precipitable water value, a higher SWEAT value but the lowest average 
CAPE value of the severe events (and their respective days) studied. 
Strong wind events had moderate values for all variables. Flooding 
reports had the highest average values of wind speed, CAPE, 
precipitable water, and SWEAT.   
3.4 Overview of Results 
The morning soundings indicate a dominance of easterly wind 
direction (from the surface up to 700 hPa) days. Under this easterly 
 
Direction 
(°) 
Speed 
(ms-1) 
CAPE 
(J kg-1) 
PWAT 
(mm) SWEAT 
AVG 164 2.80 1437 51 198 
MAX 258 6.20 3571 64 367 
MIN 95 0.72 3 37 54 
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flow, rain, when it occurs in Pinellas County, can be expected later in 
the day. On days with westerly wind flow precipitation occurs much 
earlier in the day and the south and west wind flows brought the most 
rain to the Pinellas peninsula. The largest rainfall amounts typically 
occur in two maxima in the center of the Pinellas peninsula. Positive 
and statistically significant correlations are found with precipitation and 
wind speed for directions between 121 and 240° and with precipitable 
water and precipitation in almost every wind direction category. This 
means that, in general, more rain can be expected when higher 
amounts of atmospheric moisture (precipitable water) are present and 
greater wind speeds create a more dynamic scenario in these wind 
direction categories. The greater wind speeds lead to more convection 
as friction increases from the water to the land and the convergence 
creates lift to initiate convection. More research is needed to confirm 
whether CAPE has a significant relationship with precipitation on days 
when wind is out of the south or west. 
The most severe weather occurs on days with a southeasterly 
wind flow. Strong wind events had moderate values for all variables. 
Hail days had the lowest average wind speed, a moderate average 
CAPE value, and the lowest average precipitable water. Days with 
tornado occurrences had moderate to higher average wind speed, a 
129 
 
higher precipitable water value, a higher SWEAT value but the lowest 
average CAPE value of the severe events studied. Flooding reports had 
the highest reported average values of wind speed, CAPE, precipitable 
water, and SWEAT. 
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CHAPTER 4: 
CONCLUSIONS, LIMITATIONS AND FUTURE WORK 
4.1 Conclusions 
Florida’s weather and sea breezes have received much scholarly 
attention over the past several decades. Many studies have focused on 
the dominant wind flow patterns, spatial distribution of rainfall and 
severe weather, and other key factors associated with Florida’s 
weather. However, few have focused on rainfall patterns due to sea 
breezes and associated wind regimes and none have focused on 
Pinellas County.  
The results of this study provide significant findings for the 
localized area of Pinellas County and give meteorologists local 
knowledge for support when making forecasts. From this study, 
generalizations can be made about precipitation and severe weather 
patterns in the Pinellas County area. The basic findings of this study 
are as follows: 
The first objective was to identify the dominant surface wind 
directions in Pinellas County for June, July, and August from 1995 
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through 2009 using the 1200 UTC sounding data from Ruskin, FL. This 
study revealed that an easterly wind flow dominated the Pinellas 
County area.  However, even though there were significantly more 
days with an easterly wind flow, the south and west wind flow days 
brought the most rain to the Pinellas peninsula. This information can 
be useful especially for aviation and boating forecasts.  
The second objective of this study was to determine the spatial 
distribution and timing and amounts of rainfall in Pinellas County 
associated with the dominant wind regimes. From this study, it 
appears that the greatest chances for summer rain in Pinellas County 
are associated with westerly winds. An examination of ArcGIS 
shapefiles reveals that in all wind direction categories except for the 
241-300° wind direction, the largest amounts of rainfall occur in two 
maxima within the center of the Pinellas peninsula. Examination of 
Nexrad Level II radar files in Gr2Analyst reveals that rain can be 
expected later in the day when winds are out of the east compared to 
days when rain is associated with a westerly flow of air. This supports 
previous research by Gentry and Moore (1954). This information is 
useful for local short-term forecasts by providing generalizations that 
can be made of what to expect for each wind category. For example, 
on a day with a wind direction in the 181-240° category, it appears 
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likely that rain will occur in the eastern center of the peninsula over 
the St. Petersburg-Clearwater International Airport. Precipitation on 
southwesterly wind flow days is also more likely to occur much earlier 
in the day than on days dominated by easterly wind flow. This 
information is especially beneficial because of the possible impact on 
airport operations.  
The third objective of this study was to determine the 
correlations between atmospheric parameters and precipitation 
amounts during June, July and August from 1995-2009. Wind speed is 
positively and statistically significantly correlated with precipitation in 
two wind direction categories (121-180° and 181-240°). Precipitable 
water is positively and statistically significantly correlated with 
precipitation in almost every wind direction category. This information 
about precipitable water and wind speeds is helpful when making 
short-term forecasts as well. For example, on a day with a southerly 
wind direction between 121-240°, higher wind speeds could bring 
more precipitation. A day with higher precipitable water most likely 
means that more precipitation will fall. Even though one might assume 
that CAPE would be positively correlated with precipitation in all wind 
directions, a positive correlation existed between CAPE/CAPEV and 
rainfall only when winds came from between 1° and 120°. However, 
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due to the lack of significance at the 5% level, more research is 
needed to confirm whether CAPE has a significant relationship with 
precipitation, especially at wind directions greater than 120°.  
The fourth objective of this study was to examine the effect of 
wind flows on severe weather events in Pinellas County. This study 
demonstrates that most severe weather occurs on days with a south-
easterly wind flow (61-180°). Hail was associated with a southeast 
wind regime; tornadoes with an east and southeast flow; strong wind 
with an east, southeast and southerly flow; and floods were associated 
with a flow from the southeast and southwest. This information is 
useful to forecasters by providing case studies of severe weather and 
providing additional support to the severe weather alert decision 
making processes. 
The fifth objective of this study was to determine which 
atmospheric parameters and indices were associated with severe 
weather events. Days with hail occurrences had the lowest average 
wind speed, a moderate average CAPE value, and the lowest 
precipitable water average of the severe events studied. Days with 
tornado occurrences had moderate to higher average wind speed, a 
higher precipitable water value, a higher SWEAT value and the lowest 
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average CAPE value of the severe events studied. Strong wind events 
had moderate values for all variables. Of the severe weather events 
considered in this study, flooding reports had the highest average 
values of wind speed (2.8 ms-1), CAPE (1437 J kg-1), precipitable water 
(51 mm), and SWEAT (198). From this study, more information is 
provided about what values of certain atmospheric parameters and 
indices are more often associated with different forms of severe 
weather. For example, on a day with high wind speed, CAPE, 
precipitable water and SWEAT, forecasters might issue flood warnings 
for Pinellas County.  
The goal of this project was to provide operational forecasters 
with better knowledge of precipitation patterns in Pinellas County. 
Results from this study indicate that wind direction is significantly 
related to spatial precipitation patterns as well as severe weather 
occurrences. These results contribute to meteorologists’ knowledge of 
mesoscale phenomena associated with dominant wind flow patterns, 
sea breezes, and forecasting rainfall and severe weather chances with 
certain wind regimes. Specifically, this study utilizes Gr2Analyst to 
view the timing of precipitation, and examines the effect of wind flow 
on spatial distribution and amounts of precipitation. It also uses 
ArcGIS to display rainfall patterns associated with each wind regime. 
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This allows forecasters to more easily anticipate rainfall patterns, 
amounts, and potential severe weather development based on sea 
breeze structure.  
4.2 Limitations and Future Work 
Although this study provides solid results, there were a few 
limitations that should be considered for future work. The primary 
limitation is data availability. A certain day’s data may be available in 
sounding format, but may not be available in shapefile (for use in 
ArcGIS), or radar (for use in Gr2Analyst) format from NCDC. Some 
days of interest had ―no data‖ when queried from NCDC, and therefore 
could not be examined in Gr2Analyst. 
Another limitation with data availability was that in order to 
obtain lower-level winds for Pinellas County, the soundings from 
Ruskin, FL had to be used. This was the closest location that had daily 
sounding records for the time period being studied. Even though these 
soundings are close and reliable, they were not taken in the county of 
interest. This can be seen as a limitation since it must be assumed that 
lower-level winds at Ruskin, FL were moving in the same direction and 
at the same speed as the lower winds in Pinellas County. A sounding 
also does not travel in a straight vertical line over where it was 
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released, and travels with the wind since it is released on a weather 
balloon. This may have an influence in the results of this study. 
However, research has shown that radiosonde measurements are 
accurate within a few tens of kilometres and for one or two hours after 
taking measurements (Kitchen, 1989). MacPherson (1995) also noted 
that radiosonde observations only became unrepresentative for an 
area if strong vertical wind shear took the balloon far from the launch 
site. For the warm season cases in this study the average winds up to 
700 hPa were less than 5 ms-1.  Therefore, the assumption of the 
representativeness of the Ruskin Soundings is considered a reasonable 
one. 
Moreover, summer month rain between 2003 and 2007 in 
Pinellas County occurred on only 13 days when an average wind 
direction was 1-60°, or essentially out of the north and northeast. This 
is a very low n, which makes correlations difficult to determine 
because of the risk of a Type I or Type II error. In a Type I error, the 
correlation is found significant, when it might actually not be. In a 
Type II error, the correlation is found insignificant when it might 
actually be significant. In this case, precipitation was not significantly 
correlated with wind speed, CAPE, CAPEV and Precipitable water, but 
this could be a Type II error.Time was also a limitation. Only ten heavy 
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precipitation days were examined in relation to wind flow due to the 
time it takes to gather the appropriate files and examine each of them. 
Each radar frame had to be downloaded individually and compiled to 
make a fully animated loop of the radar for that day. Once each radar 
frame was downloaded, Gr2Analyst only allows 25 radar frames to be 
examined at once (equivalent to just over two hours). This process 
requires a significant amount of time.  Examining thirty heavy 
precipitation days according to wind flow was beyond the scope and 
timeframe of this study. However, future work could include examining 
more heavy precipitation days in relation to wind flow.  
Another limitation was that the Pinellas County rain gauges and 
the multi-sensory ArcGIS composites that were generated do not 
match. This could be due to several factors. The Pinellas county station 
gauges were clustered throughout Pinellas County, which could have 
skewed the amount of actual rain recorded. This could also be 
attributed to the multi-sensory data not being calibrated properly, or 
radar failures or mis-calibrations. The correction factor that is applied 
to the multi-sensory data is based off of these Pinellas County gauges, 
and there could be errors within this correction that is applied.  Station 
precipitation data could also be skewed from high wind, making it 
difficult for precipitation to be caught and accurately measured in 
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gauges.  Future work could also include creating a model to account 
for these multi-sensory and precipitation gauge errors to better match 
the multi-sensory data with actual precipitation.  
An influence over the outcome of this data was the discretion of 
the researchers involved. Wind direction categories were chosen by 
sixty degree increments. If a different degree increment or starting 
location for the interval was used, there is a possibility that the results 
could be different. The sensitivity of this was not tested in this study 
but is recommended for future work. Days that were removed due to 
possible hurricane effects were also at the discretion of the 
researchers involved. A Category 5 hurricane would cause more 
concern for removal than a tropical storm. The distance of the storm 
relative to Pinellas County was also taken into consideration when 
removing days. Gathering radar loops to determine hurricane-
associated rainfall was difficult to obtain due to data availability, so 
this was also another limitation of this study. 
In order to make knowledgeable assessments of the effects of 
elevation and topography, future work could also include examining 
the effect of elevation and topography on precipitation patterns in 
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Pinellas County in more detail. This is a complex interaction that 
includes convergence, convection and rainfall. 
Another area of possible future research includes examining the 
effects of Pinellas County’s peninsular shape on rainfall amounts and 
distributions. As a whole, Florida experiences a collision of sea breezes 
that can enhance rainfall amounts. This concept could be scaled down 
and applied to the Pinellas peninsula to examine the effects of a small 
peninsula on rainfall.  
Even though there are some limitations in the present study, 
improvements can be made with future work and further study 
especially as more data become available. Some limitations were 
unavoidable, and others need more research to be overcome. Despite 
the limitations this research largely supports previous findings. 
On a final note, after reviewing the results of this study, Brian 
LaMarre, Meteorologist in Charge at the National Weather Service 
(NWS) Tampa Bay Area Forecast Office in Ruskin, FL, made the 
following observation (personal communication, 19 August, 
2011):  "The relationship between wind flow, stability and moisture 
content is critical in our mission to forecast and warn the public of 
high-impact events and provides emergency response officials with 
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information to make informed decisions in the protection of life and 
property.  The findings of this important study will enable us to better 
identify seasonal and localized patterns of heavy rainfall, as well as 
factors leading to initiation of severe thunderstorms in Pinellas 
County." 
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APPENDIX I 
Table 20. Station Abbreviation References. 
STATION 
ABBREVIATION 
STATION LOCATION NAME 
TAR Tarpon Springs 
BCP Brooker Creek Preserve 
CCO Curley Creek Ozona 
CCD Curley Creek Dunedin 
LTC Lake Tarpon Canal 
MC McKay Creek Largo 
PIE 
Saint Petersburg-
Clearwater International 
Airport 
PCN Pinebrook Pinellas Park 
CBL Cross Bayou Largo 
UH Upper Highlands 
SJC Saint Joe Creek 
SPG Saint Petersburg 
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